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Welcome to the third edition of the 
new style ‘Electronics’. Many people 
have taken the time and trouble fowrite 
tome about the new format, mostof 
which have been exceedingly 
complimentary! A few adverse 
Comments were also received, these: 
are being looked into and hopelully. 
will be resolved. In this issue we 
feature the start of a new weather 
Station project which should bean, 
enjoyable project for many people to: 
build, it would also make an excellent 
Schools project for the kids! The first 
part shows how to construct wind 
‘Speed and wind direction indicators. 
Also in this issue, we have the follow. 
on boards for the digital record/ 
Playback system, This project has 
already proved to be very popularas 
Can be seen in the letters page, which 
shows justa couple of the letters 
tecelved aboutit. Other ‘goodies’ to 
Jook for in this issue include an 
RS232/TTL converterand a digital 
panel meter. I'msure you'll find many 
items of interest to you in this edition, 
and | hope you enjoy your copy of 
‘Electronics as muctias I've enjoyed 
pulting it together. Until next time, read 
on and enjoy! 
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WIND SPEED 
& DIRECTION 
INDICATORS 


§Be your own Bill Giles by 
building these superb wind 
speed and direction 
monitoring systems. 
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BOB’S MINI 
CIRCUITS 


QUseful and ingenious 


circuits from Bob Penfold. 
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DATA FILE: 
LM13700 


Versatile dual 
transconductance 
operational amplifier. 


R$232/TTL 
CONVERTER 


EMake level shifting 
Problems thing of the past 
with this new version ofa 
popular and useful project. 


DIGITAL 
PANEL METER 


Display your digits with 
this multi-purpose panel 
Teter. 
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MODULE & 
EPROM g 
PROGRAMMER 


HExpansionmodulesforour |» 
incredibly popular Digital | 
Record & Playback Module. 





SPEAKERS - 
THE FIRST 
111 YEARS 


The next episode in the 
history and development of 
loudspeakers. 


MAPLIN 
COMETO 
NOTTINGHAM 


Visit Maplin’s newest 
regional shop! 
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2b eater 


SContinuing the series on 
the story of telephones. 
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This Issue has a design for 
a TRF reflex receiver. 
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VALUE ADDED 
TO YOUR 
TELEPHONE 


HA look at computer data 
networks and other 
telephone services, 


5 / Be ones 
EXPERIMENT 


Finding out about 
electronics the practical way. 


CALCS 


Jeti Scott looks at indices, 
exponents and logarithms. 


COMPUTER 
GRAPHIC 
EQUALISER 


GHi-Tech equaliser with 
femote control, reveiwed in 
depth, 
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Part 4 


by J.M. Woodgate B.Sc.(Eng.), M.LE.R.E., M.A.E.S., M. Inst. $.C.E. 


The Frantic Seventies 
The eighth decade of the century 
Saw an enormous amount of activity in the 
loudspeaker field. This occurred both in 
the laboratory and the theoreticians’ ivory 
towers, as well as in the grimy 
marketplace. However, the science and 
the exploitation were often going in quite 
‘The decade opened with a strong 
public interest in quality audio. Support | 
for the London Audio Fair had been great 
enough in 1969 to warrant a second event 
at Olympia in 1970, and this was a 
considerable success, with plenty to 
interest both the high-fidelity enthusiast 
and the general public, A contemporary 
commentator noted that the lecturers at | 
the Fair’s seminars were virtually 
unanimous in supporting the natural 
reproduction of live music as the goal, 
although it was noted that an American 
‘manufacturer's (BL) demonstrations 
were much too loud and suffered from 
deliberate bass and treble boost. The 
company still adopts the same measures, 
and mustat least be given credit for 
consistency! By contrast, Bell and Howell, 
showing the Acoustic Research AR4x, 
AR6 and AR3 earned praise forarealistic | 
demonstration. KEF demonstrated a new 
‘Cadenza’ loudspeaker with a 200mm. 
bass unit and a passive radiator, Leak 
showed a group of three models with 
‘sandwich’ diaphragm drivers, and 
Wharfedale introduced two new models 
the ‘Triton’ and ‘Aston’. A little cloud 
appeared on the horizon, though, in the 
form of two models from Sansui, one of 
the first Japanese companies to try the 
difficult British hi-fi (as opposed to 
hi-volume) market. Sansui always 
seemed to be more sensitive to the 
individual requirements of the British 
market than other Japanese companies, 
possibly as a result of the poor reception 
which these initial offerings received. 
This was partly due to the design: 
problems of their very shallow cabinets 
and partly to the unacceptable ‘purple 
prose’ with which the products were 
described. A few omnidirectional 
loudspeakers were shown, but their 
defects were well-explained in the 
technical press and they did not long 
survive. The most fiercely promoted of 
these products was the Sonab, featuringa | 
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Photo 1. Goodmans Audiom 12P-D, a typical 
300mm bass driver for sound reinforcement 
orelectronic music, 


personality cult based on the designer 
Stig Carlsson. A British magazine review 
came to unfavourable conclusions on 
build quality, stereo imaging and general 
performance. 


Papers Galore 

That the '70s were a very busy 
period is showm by the fact that the Audio 
Engineering Society has found well over 
forty of its Journal papers from that 
decade worthy of including in its 
Anthologies of papers on loudspeakers. 
Early papers from the period include 
Klipsch on modulation distortion and 
Barlow on the sandwich cone developed 


_ for Leak. These were followed by 


Richard Small on constant-voltage 
crossover networks and the inspired 
reprinting of Neville Thiele's ten-year old 
work on the theoretical design of vented 
boxes. More work on crossover design 
was published by Ashley and Kaminsky, 
and by G.L. Augspurger, whose 
trenchant comments on the weirder U.S. 
loudspeaker patents are always worth 
teading. All these were published ina 
single year (1970), 


Quadra-PHONEY 

Not content to continue giving the 
public what is so clearly still wanted, the 
industry began in 1971 a Gadarene rush 
into four-channel sound, goaded by CBS 
with its ‘SQ’ system. Itis to be hoped that 
this sort of thing couldn't happen again, 
because it is understood that one doesn't 
introduce new gizmos until the sales of 
existing products begins to sag. 












Unfortunately, there are grave signs that 
we are going to see a similar fiasco over 
the sound side of HDTV, because most of 
what has been learned about stereo and 
directional sound fields, culminating in 
the ‘Ambisonics' theories and system, 
since 1970 is being studiously ignored in 
favour of impracticable three and five- 
channel systems originating in Germany 
and Japan. 

As far as the public (and, indeed, 
uncommitted manufacturers) were 
concerned, total confusion reigned, as 
‘SQ’ was followed by ‘QS’, 'CD4’ anda 
host of other, incompatible systems. The 
initial success of ‘SQ' was founded solely 
on hype, and, apart from the fact that it 
was not a satisfactory system, the major 
problem of how to accommodate four 
loudspeakers in the average room was 
never addressed, let alone solved. A 
couple of years of this nonsense was 
enough to produce a swift collapse of the 
market and of public interest in audio, 
Other, marginally unhelpful promotions 
were an omnidirectional design released 
by Radford in 1971, in the face of the 
accepted defects of the concept, anda 
‘bi-directional’ loudspeaker, the 
‘Dimension 8' from Goodmans in the same 
year. When acknowledged reliable 
manufacturers produce unacceptable 
products, it is not surprising that 
confidence generally is jolted. Still, it 
takes time for disillusionment to spread, 
and two more years were to elapse 
before the bubble well and tly burst. 


Photo 2. Veiw ofthe cone of the Goodmans 
Audiom 12P-D, showing the central ‘whizzer’ 


and dust-cap, 
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w the publication of Richard 
‘k on loudspeaker signal 
f times, It has already been 
‘mentioned (Part 3) that Heyser's papers 
are often difficult mprehend, but 
there is no doubt that the work cast anew 
=] on many unsuspected defects of 
ig designs, and pointed the way to 
improvements. In effect, Heyser showed 
that a loudspeaker may not begin to emit 
sound at the instant the signal is applied, 
and that any delay is a function of 
frequency (and perhaps amplitude as 
well). This publication was followed by a 
paper by Small on simplified 
measurement of loudspeakers at low 
frequencies. Another important paper 
was ‘The sound field in home listening 
rooms’ by Allison and Berkovitz. The 
well-known influence of the room on the 
sound of a loudspeaker had been 
resistant to analysis because of 
complexity. This paper did not resolve 
that problem but indicated, perhaps, 
directions to the start of a path along 
which a solution might be found. 


Photo 3. A German-made ITT 125mm bass 
driver fora small high-fidelity system, 
having a modified polystyrene cone anda 

“neoprene surround. 


* 
Punting Towards 
the Weir 

The 1972 London Audio Fair was 
marred by squabbling between 
manufacturers, resulting in several going 
off to play by themselves, thereby 
benefiting nobody. Clearly, sales were 
still so good that they had time to waste in 
internecine argument. Meanwhile, 
electrostatic drivers were undergoing a 
revival in the USA, either along or in 
combination with electrodynamic units in 
full-range systems. There was not o 





were struggling to keep up with demand. 
Nevertheless, designs were improving as 
the work of Thiele and Small became 
‘more widely known. 


Secrets of the 


Closed Box 

__ Richard Small published his 
theoretical analysis of closed-box 

ms in 1972, and these papers, while 
xpotnding the th ory, also relate 

ctly to practical measurements and 
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Photo 4. A Japanese 90mm full-range driver 
inan in-car ‘pod' enclosure. 


design techniques. Counsequently, the 
new theory could be quickly applied by 
designers all over the world, anda 
general increase in performance 
resulted. Small showed that a closed-box 
system behaves as a high-pass filter, and 
its performance can be predicted in 
many respects, provided the drive unit is 
not driven into non-linearity and that the 
enclosure is substantially free of panel 
resonances, This latter subject was 
treated in a paper by J.K. Iverson, 
published in the following year. 
Meanwhile, Arthur Bailey produced a 
transmission-line design for home- 
constuction, and Stan Kelly published an 
exhaustive survey of current 
loudspeakers and technologies in 
‘Wireless World’. This included a table of 
products, over 200 in all, ranging in price 
from £8 to £350 each. 


Ribbons Again 


That new product ideas were not 
entirely sacrificed to the satisfaction of 
demand for ‘more of the same’ was 
illustrated by the development by Fane 
Acoustics of a twin-ribbon tweeter, 
launched in January 1973, and intended to 
replace the ‘Ionofane' (see Part 2), The 
two ribbons were horn-loaded and the 
driver would handle 30W above 1700Hz, 
producing a sound pressure level at the 
horn mouth of 115dBSPL. Interest in audio 
was still enough in 1973 to support both 
Sonex in spring and an Audio Fair in 
autumn, as well as Harrogate as a 
specialist high- fidelity ex! ion. At 
Sonex, IMF launched a transmission-line 
system with a supplementary active 
sub-bass driver, and Gale Electronics 
introduced the distinctive GS401 closed- 
box system, This contained two 20cm _ 
bass drivers, a 10cm mid-range anda 
19mm dome tweeter. This product 
achieved most notice because of its 
unusual styling, with a black centre- 
section and chromium-plated end pieces. 
Philips, in September, launched a 
loudspe: system with motional 
feedback derived from an accelerometer 
mounted in the centre of the bass driver 
cone. There was a great deal of 
misguided promotional ballyhoo 
associated with this product, which did 
Philips’ uncertain image as a 














Pi the Audio Fait 
first version of 1 
was a 3-way design, _ with al an ellipti al 
bass driver, a coupled 20 
range (!) and rm 
product benefitted from the computer- 
aided design techniques pioneered by 
KEF, in which driver and system 
responses are measured digitally. This 
allows extensive analysis of the results, 
which can, with care, be more accurate 
than those obtained by analogue 
methods, and gives the capability of 
matching drivers and dividing networks 
‘so as to control system response witha 
decibel or so at any frequency. 


Vented Boxes 

1973 saw the publication of Richard 
Small's extension of Neville Thiele's work 
on vented box systems, which also 
reviewed work by other authors since 
1961. D.B. Keele suggested methods of 
measuring important low-frequency 
performance characteristics in the near- 
field, under normal room conditions. 
After the storm of papers in the early 
years of the decade, it is not surprising 
that the number of new publications was 
reducing later. 



























Photo 5. An Audax 19mm dome tweeter, 
similar to that used in theup-dated 
Wilkinson DIY’ design. 


Crisis Year -—1974 

The year opened with complacency 
evident in the industry, and it closed with. 
overt panic in many minds. Sales volume 
plunged alarmingly for many companies: 
the usual autumn upturn was delayed 
until November and was far below 
expectations in volume terms. Top-class 
high-fidelity fared better, as it usually 
does, because the clientele is much less 
fickle. The Harrogate show was bigger 
than ever, with 80 exhibit a 





demonstrations that was already maring 
the London events. However, the 
innovations were largely outside the field 
of loudspeakers. 
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the market ‘mayhem, mote papel 
published in 1974. H.D. Harwood, 
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are often difficult to comprehend, but 
there i is no doubt that the work cast anew 


isting designs, and pointed the way to 
improvements. In effect, Heyser showed 
that a loudspeaker may not begin to emit 
sound at the instant the signal is applied, 
and that any delay is a function of 
quency (and perhaps amplitude as 
well). This publication was followed by a 
paper by Small on simplified 
measurement of loudspeakers at low 
frequencies, Another important paper 
‘The sound field in home listening 
rooms’ by Allison and Berkovitz. The 
well-known influence of the room on the 
sound of a loudspeaker had been 
resistant to analysis because of 
complexity, This paper did not resolve 
that problem but indicated, perhaps, 
directions to the start of a path along 
which a solution might be found. 


Photo 3. A German-made ITT 125mm bass 
driver fora small high-fidelity system, 
having a modified polystyrene cone anda 
neoprene surround. 


Punting Towards 
the Weir 


The 1972 London Audio Fair was 
marred by squabbling between 
manufacturers, resulting in several going 
off to play by themselves, thereby 
benefiting nobody. Clearly, sales were 
still so good that they had time to waste in 
internecine argument. Meanwhile, 
electrostatic drivers were undergoing a 
revival in the USA, either along or in 
combination with electrodynamic units in 
full-range systems. There was not so 
much new in Britain: most manufacturers 
were struggling to keep up with demand. 
Nevertheless, designs were improving as 
the work of Thiele and Small became 
‘more widely known. 


Secrets of the 
Closed Box 


Richard Small published his 
theoretical analysis of closed-box 
ms in 1972, and these papers, while 
expounding the theory, also relate 
directly to practical measurements and 
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Photo 4, A Japanese 90mm full-range driver 
in an in-car ‘pod enclosure, 


design techniques. Counsequently, the 
new theory could be quickly applied by 
designers all over the world, anda 
general increase in performance 
resulted. Small showed that a closed-box 
system behaves as a high-pass filter, and 
its performance can be predicted in 
Many respects, provided the drive unit is 
not driven into non-linearity and that the 
enclosure is substantially free of panel 
resonances, This latter subject was 
treated in a paper by J.K. Iverson, 
published in the following year. 
Meanwhile, Arthur Bailey produced a 
transmission-line design for home- 
construction, and Stan Kelly published an 
exhaustive survey of current 
loudspeakers and technologies in 
‘Wireless World’. This included a table of 
products, over 200 in all, ranging in price 
from £8 to £350 each. 


Ribbons Again 

That new product ideas were not 
entirely sacrificed to the satisfaction of 
demand for ‘more of the same’ was 
illustrated by the development by Fane 
Acoustics of a twin-ribbon tweeter, 
launched in January 1973, and intended to 
replace the ‘Ionofane' (see Part 2), The 
two ribbons were horn-loaded and the 
driver would handle 30W above 1700Hz, 
producing a sound pressure level at the 
hom mouth of 115dBSPL. Interest in audio 
was still enough in 1973 to support both 
Sonex in spring and an Audio Fair in 
autumn, as well as Harrogate asa 
specialist high-fidelity exhibition. At 
Sonex, IMF launched a transmission-line 
system with a supplementary active 
sub-bass driver, and Gale Electronics 
introduced the distinctive GS401 closed- 
box system. This contained two 20cm 
bass drivers, a 10cm mid-range and a 
19mm dome tweeter. This product 
achieved most notice because of its 
unusual styling, with a black centre- 
section and chromium-plated end pieces, 
Philips, in September, launched a 
loudspeaker system with motional 
feedback derived from an accelerometer 
mounted in the centre of the bass driver 
cone. There was a great deal of 
tmisquided promotional ballyhoo 
associated with this product, which did 
Philips’ uncertain image as a hi-fi 
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range (!) and a dome tweeter. This 
product benelitted from, the computer- 
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KEF, inwhich driver and system _ 
responses are measured digitally. This. 
allows extensive analysis of the results, 
which can, with care, be more accurate 
than those obtained b' yanalogue 
methods, and gives the capability of 
matching. drivers and dividing networks 
80 as to control system response witha 
decibel or so at any frequency. 


Vented Boxes 

1973 saw the publication of Richard 
Small's extension of Neville Thiele's work 
on vented box systems, which also 
reviewed work by other authors since 
1961. D.B. Keele suggested methods of 
measuring important low-frequency 
performance characteristics in the near- 
field, under normal room conditions. 
After the storm of papers in the early 
years of the decade, it is not surprising 
that the number of new publications was 
reducing later. 





Photo 5, An Andax 19mm dome tweeter, 
similar to that used in the up-dated 
Wilkinson DIY’ design. -“ 


Crisis Year —1974 

The year opened with complacency 
evident in the industry, and it closed with 
overt panic in many minds, Sales volume 
plunged alarmingly for many companies; 
the usual autumn upturn was delayed 
until November and was far below 
expectations in volume terms. Top-class 
high-fidelity fared better, as it usually 
does, because the clientele is much less 
fickle. The Harrogate 
than ever, with 80 exhib’ b 
to suffer from the insensitive a} proach to 
demonstrations that was alre 
the London events. However, the 
innovations were largely outside the field 
of loudspeakers. 
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In spite of, or perhaps bet 













cussed motional feedback 
clearly having been provoked by 
Philips product. He disclosed that 








P.G.A.H Voight had patented a bridge- 
derived velocity-feedback arrangement 
inJanuary 1924, ten years before Black 
and Nyquist put negative feedback ona 
sound mathematical basis. Sykes (1926) 
patented feedback from an auxiliary 
voice-coil or a microphone, while Trouton 
(1928) derived velocity and acceleration 
feedback from capacitive sensors. 
Harwood was generally sceptical of all 
the claims for feedback systems, except 
the reduction of non-linearity distortion at 
all but the highest levels. However, he 
endorsed the accelerometer, used in the 
Philips system, as a preferred device for 
deriving the feedback signal. J. Dinsdale 
published a series of articles on the 
design of (high-fidelity) horn systems, 
while the problems of living with them 
(and their designer) were well 
expounded by Heather Dinsdale. Jimmy 
Moir produced a definitive text on 
Doppler distortion (see Parts 2 and 3), 
while Rank Radio (the once and future 
Wharfedale) announced the 
development by Dr. Peter Fryer of laser 
holographic techniques for investigating 
cone break-up and other mechanical 
motions. To round off the year, 

H.D. Harwood produced a study of the 
non-linear behaviour of air in enclosures, 
and R-F. Allison published work on the 
interaction of the loudspeaker with the 
room boundaries. 


Magnetic Liquid 

The following year, 1975, opened 
with the disclosure of ‘ferrofluid’ by 
Phillips Research Laboratories. This 
suspension of magnetic ferrite particles 
ina stable, heat-resisting oil, soon 
became useful in controlling the motion 
of tweeter voice-coils, and keeping them 
cool. Many attempts to use the fluid in 
bass drivers resulted in the designer 
acquiring a red face, underlying a black, 
spotted one! Sony showed a pair of exotic 
loudspeaker designs with carbon fibre 
composite cones, one model witha 
price-tag of £1500. Minimum-phase 
designs also began to appear, from 
Technics and National Panasonic initially, 
and Bang and Olufsen. At the Berlin 
exhibition, several motional-feedback 
designs were shown, but the technique 
did not survive for much longer. It is, 
however, about due for a revival! 


Conventional Audio 
Tn March 1975, the 50th Convention 
of the Audio Engineering Society was 
held in London, and more papers were 
presented on loudspeakers than on any 
other subject. Topics included bass 
driver design, the appli 
holography, new measuring techniques 
and the Bang and Olufsen minimum- 
phase 3-way design. Ina second session, 
‘Mike Berman and Lawrie Fincham 
presented initial papers on the digital 
measuring techniques developed at KEF. 
Seve: salt with the properties 
E fects closures and crossover 
networks, At the 52nd Convention, in 
New York, R-F. Allison presented a 
4 














second paper on listening rooms. 

Halfway through the decade, 
business was not good and the painful 
withdrawal from the 4-channel fiasco was 
underway. At the same time, very much 
More was understood about practically 
all aspects of design than even five years 
before. 


Risen Sun 


By 1976, Japanese brands were 
well-established in Europe, both in 
high-fidelity equipment and in ‘cooking’ 
audio, represented by the ‘music centre’. 
But there was no general acceptance of 
Japanese-designed high-fidelity 
loudspeakers, and loudspeakers for 
music centres were often made in Britain, 
mainly because the economics of 
shipping from Japan were unfavourable. 
Uncertainty in the industry led to the 
ill-fated HEDA combined television, 
audio and domestic appliances 
exhibitions at the NEC, in which serious 
audio was eclipsed by other, high- 
powered interests, Even Harrogate was 
uninspiring, the only notable item being 
the number of ‘linear-phase' 
loudspeakers on show. 


Phasing up to Facts 
In the literature, there was much 
discussion on the meaning and 
importance of the phase-response of 
loudspeakers, and methods of achieving 
any desired response. Prominent 
contributors were H.D. Harwood and 
James Moir, both extremely sceptical of 
the importance of controlled phase- 
response on the basis of theoretical 
analysis and experimental support. 
However, others such as Michael Gerzon, 
K.A. Hodgkinson and S.K. Pramanik were 
quite definite that phase-response needs 
to be controlled. There was agreement 
that inter-channel phase-differences in 
stereo systems are significant, but that is 
(usually) a separate matter. The 
supporters of phase-response control 
produced cogent criticisms of 
experiments that gave negative results, 
mainly based on the premise that tests 
using programme material that has 
already been scrambled in phase in the 
recording process are unlikely to show 
up any defects in the loudspeaker under 
test! Harwood also published a valuable 
survey of less-familiar defect 
mechanisms in loudspeakers, in 
‘Wireless World’ of May 1976, and this 
article should be required reading for all 
loudspeaker designers. Possibly the most 
significant AES paper was one by 
S.H. Linkwitz on active crossover 
networks, which drew attention to the 
need to take into account the phyiscal 
separation between drive-units. Another 
Paper, by L.J.S. Bradbury, developed a 
theory for the behaviour of fibrous filling 
materials in enclosures. 


Stagnation 

The first half of 1977 was not a good 
time for the audio industry, and things did 
not improve much, later in the year. One 








Product which did excite some interest 
was the cylindrical 2-way system, 
marketed by Jim Rogers as the JR149. 
This used thin sheet steel for the 
enclosure, which was sufficiently stiff and 
non-resonant by virtue of its shape, The 
end-caps were also metal, and were 
made non-resonant by stressing with an 
axial tension rod. This year was also 
notable for the emergence of the 
mystical, or ‘musicality’ school of audio, 
which is still being so viciously exploited 
(in terms of cables at £50 per metre, for 
example!). Peter Baxandall attempted to 
nip this unwelcome development in the 
bud (‘Wireless World’, November 1977), 
but there has clearly been too much 
vested interest behind the movement for 
it to bé easily scotched. Proponents 
would do well to remember that 'You can 
fool all the people...’ 


DIY, ina Listening 
Room, with Three 


Drivers, on Impulse! 


‘Wireless World’ also published an 
interesting design for a DIY bookshelf 
loudspeaker, by J.H. Wilkinson. This was 
notable for its quite complex crossover 
design, with 4th-order characteristics. 
Jimmy Moir returned to the typewriter 
with an article on the interaction of 
loudspeakers with rooms, stressing the 
differences in room-mode excitation that 
occur with the loudspeaker in different 
Positions, and the relatively modest 
subjective effects of room-boundary 
reflections, except those from a boundary 
close behind the enclosure, under normal 
conditions. He also drew attention to the 
fact that, in balancing the frequency- 
response of the loudspeaker, the 
designer will have had to make 
assumptions about where and how it will 
be mounted in the room, and should 
disclose those assumptions to the user! 
Otherwise, excessive or insufficient bass 
response is all too likely, Audio 
Engineering Society papers included one 
by Erik Baekgaard, describing the elgant 
‘Filler Driver’ 3-way system design 
developed by Bang and Olufsen, while 
Fincham and Berman produced their first 
definitive paper on the use of digital 
techniques for the measurement of 
loudspeakers, This involves the 
measurement and digital storage of the 
impulse response of the unit, followed by 
the calculation of the amplitude and 
phase responses by means of the inverse 
Fourier transform. It is an inherent 
assumption that the whole system has a 
linear amplitude response. Minor 
departures from linearity do not, 
however, have a disastrous effect but 
must be allowed for, as must other 
departures from the ideal conditions. It is 
notable that, whereas defects in an 
analogue measurement may haye subtle 
effects (and therefore pass unnoticed), 
defects in a digital measurement are 
liable to have profound effects (such as 
superimposing a wave, or evena 
comb-filter response) on the results 
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obtained. When all, or most, of the 
problems have been solved, the 
technique is very powerful. At a public 
demonstration of the method in a hotel 
bedroom, it proved possible to reduce 
the amplitude of the test pulse so that the 
response was hidden in noise, and then 
average out the background 
(foreground!) noise over 60 tests, so that 


Raving over Reviews 


declining to submit products for review 
by subjectivist reviewers. While part of 
(our tier, that of reviewers acting as 


‘on throughout the year, until everyone 
was bored with it, and resolved very little. 
‘This argument largely overshadowed the 
new product introductions, which were in 
any case relatively few and none were 
revolutionary. 
Barlow, Linkwitz, 
Adams -—and more 
Linkwitz 

Papers and articles published in 


1978 continued to indicate the amount of © 
commercial and private research which 


series on system design for ‘Wireless 
World’. This used active delay and 
crossover filters, the latter being of the 
‘Butterwi 


The Second Hi-Fi 
Revolution 
sna eae asco eetion atertnt 


orca st expertise. ‘There is an 
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| were quite good. 

















i 
ea 


eet ance which were even more 
astonishing when listened to! Others 


What the Papers 
Said 


‘That not everyone was willing tobuy 


equaliser, 
original driver being no longer available. 
Himes Ma oeree a review of the effects 
of system directivity on sound quality, 








Figure 2, Optimum directional response for stereo loudspeakers (after Brittain). Nearly all 
directional. 


direct-radiator loudspeakers are much less 
butis often used to measure the noise 


Seca White croduesda wet 


Figure 1. ‘Brittain’ loudspeaker layout for 
optimum stereo image showing the area of 
good stereo imaging. 

useful paper (November), confusingly 
titled ‘Loudspeaker Athletics’, 


giving 
guidance on using Thiele alignments with 
drivers that may, at first sight, seem to 
have unsuitable characteristics. Since this 


applies to 

drivers (which have too high a Q), White's 
paper could be very helpful. Lawrie 

| Fincham wrote on the extensive use 
made by KEF of computer measurements 
| and data collection in the production 
testing of drive units and their close 
matching for high-quality systems. Daniel 
Queen wrote on loudspeaker radiation 
patterns for stereo. This latter subject had 
not received anything like the attention 
that it should have, and the truth of the 
matter is even today not widely known. 
Queen's paper deals mainly with 
experimental results, although there is 


the following year, so really a matter for 
| Part 5) did not refer to the work of Brittain 


| elsewhere than ’on the white dot’ (ie, at 





the majority of the lower-cost 


some analysis, and both he and Kates (in 


and Leakey (published in ‘Wireless 
World’ in May 1956!), which first 
indicated that, for stereo perceptible 


the centre, well in front of the 
loudspeaker base-line), a controlled and 
rather narrow directional response is 
required at all frequencies, AND the 
loudspeakers should each be aimed at 
the opposite end of the listening area (i.¢., 
pointing inwards quite sharply), see 
Figures 1 and 2. It is astonishing that this 


second simple fact, easily verified with 
Disc eay ay eveen wiee 

ectional responses are correct or not 
Goniiee bees 
are not completely omnidirectional), is 
either not known, or not accepted, 
universally! Why don't you try it, if you 
haven't already? 
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NEW ITEMS PRICE LIST 


The following list of items have 
been introduced since publication 
of our 1989 catalogue, it excludes 
new items in this issue. 


BOOKS 
WSISV intro Elect Cucuits Price £10.95NV 
WS20W Anof Electronics Price £29.00 NV 
WS2IX Data Book CMOS 4000 Price £5.00. NV" 
WS22Y Audio Cets Manual Price £10.95 NV 
WS22A Remote Control Handbook 

Price £3.95 NV 
WS2AB Musical Apps of STs Price £5.95 NV. 
WS25C Adv Security Projects Price £2.95 NV 
‘WS26D Smiches Price £9.95 NV 
WS2TE Dictionary of Electonics 


Price £18.15 NV 
WS28F Design Solid State Cots 

Price £13.20 NV 
WS29G Understanding Magnetism 

Price £8.45. NV 


PROJECTS & MODULES 
GD8ST LM385 PCB Price £1.95 
GDEBY RecPlayback PCB Price £6.95 


GDS2A4 WaySPSwitchPCB Price £3.50 
GDS9H PAL Colour Encoder PCB Price £3.50 


GEOID SW TAF PCB. Price £3.95 
GEO9K Aud'Vid Modulator PCB Price £3.50 
GELIM Storeo Outpt PCB Price £1.98 
GEIAP L175 PCB Price £3.45 
JLTAR Modulator Panel Price £1.40 
LMESV 1kW Mosfet Amp Hardware Kit 
Price £73.95 





LMG6W PAL Colour Encoder Kit Price £19.95 
‘LM76H LM325 Kit Price £3.95 
LMT} 4 Way Speaker Switch KitPrice £19.95 
LMI6K Aud’Vid Modulator Kit Price £14.95 
LM79L Modulator Hardware Kit Price £9.95 

s Price £14.95 
KW Mostet Amp Case Price £59.95 
YTIT4 Way SPSwzchBox Price £14.95 





YT6AU Modulator Box Price £5.95 
WOUND COMPONENTS 
UKBOB Choke 4.7mit Price 68p 





AMENDMENTS TO 


Page 74 HP2 8 Barery Box (JG74A) Please rote 
that the style of this product has changed from 4 
Stree Sige zone 2 taetas by ses 
Ss as nb ty coors ron 

age 108 

bes ‘Hansie (UH08J). Fixing centres are 1185 « 
fap 123 

PU cscs 





pens 


age 135 
2-charrel FM Weeless iteroom (YT18S), The cartiet 
irequincy of these msrooms ig 120K and 120K 
raking them roorgatble wit the other mtercoms 
‘at we se 

Page 143 

We scints (917 ang JHSZA). These mire|oints are 
sod patctian The proes aye ae fo pas ct 








Page 155 
Arercan Chassis Socket (HL18U). Fixing centres 
Seam 


Page 163 
3-00 Connector (FRITF), Please rote that hs predict 
's tended for pob mourtng use 
Page 231 
GV Tutu LES Bub (WL7ER) 
poy 
Page 202 
Geeseneck Lamphoider (WF22Y). Overs lenge now 
410mm and ts Sigeied wan red and 
correcting less 

Bs 
LED Grrome Berel (FUER). Bezel requres 75mm 
mosey hols 
Page 208 
‘Solar Panels (FAZ3A anc AAZEB), These ters hee 


Rated 0164 cet 

















2 Seem ack socket end a2 Sars ck plug NotSemm 
asset 
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Page 327 
‘Thermal Fuses (RAIGU and RAZOW). These two 
Cera Maze are now rated 162°C and 1920 

Page 364 

rage Rectfers (BHISY, BHSEA ad BL3EP) Case 
siya BE 

Page 397 

TBABZOM (WOEST), Eiecuclyte canactsr symbols 
should be shown for CS ang C7. Tra postve of CS 
gpsbpnS el be te athe peste el C7 gees 








Page 473 
NESSSV Teer (QHEEW), tn the tat for monostable 
ode. & should read, “between pin 3 and ground ioe 
rommalyot~ 
Page 423 
4195 (0020 anc XXOLEL Text should cat tor “tao 
1000aF 25V capsctors” rot 100k and the pcb 
Seepediote sed wehalin Tr (SV earwtrme (ret 

429 
125 (YY74R), inthe to coe shown, pins 5 and 2 
shoud be Wansposed (note the prot cayan & 
otras 

458 
TOW Horn Twester (XIE3H), The overal size of mis 
froduct is now 618" x 2”, andthe 6 hang hele contes 
Bees ED -ED est 

$70 

Hex Swishes (QYES¥ and QYE2A) Tre 
2eusters on hese Gevces are colour coded. OYESY Ss 
whts, OYE3A Ss rea 











Page 473 
Foot Contra! Swich (LB64U), This tem row has 2 
25am ug 





snore (BW13P and BW140), Disreter 
Taw 9 Gem and leegin 15cm 

Page 439 

Heoy Distal Mutinister (YMSST). The case row 
ow 








A vacancy exists for a career-minded person to 
be responsible for monitoring trends and keeping 
our selling prices the keenest in the market. The 
successful applicant will have a good all-round 
knowledge of electronic components, a good 
standard of education and a desire to follow a 
marketing career in a progressive company. 


Please apply in writing to:- 


Mr. L. F. Bowman. 
Maplin Electronics plc : 
Maplin Complex, 
Oak Road South, 
Benfleet, 
Essex SS7 2BB 











Monin 


s 





























Photo 1. The wind speed cups, 


Introduction 


Meteorology, or the smidy of 
phenomena of the atmosphere (the 
weather to us!), mUst be the oné particular 
science that mosy of n§ ‘dabble’ in. Per 
theories involving corns on toes, squeaky 
knees and back/ache, have heralded 
weather conditions throughout history and 
I suspect that the old rhyme about ‘red 
skies and shepherds’ is a familiar one to 
many people! 

One thing for sure is that the weather 
can’t be easily changed, but it can be e: 
measured - with suitable instruments of 
course - and the first part of this project 
covers the construction of a wind speed 
sensor (anemometer) and a wind direction 
sensor. Part two will have details of the 
decoder and display electronics and will be 
published in a future issue. 

There are various methods by which 
wind speed can be measured and common 
systems, such as this one, are based on 
revolving cups as can be seen in Photo 1. 
Each cup, behaving like a sail, catches the 
wind and being Connected to a central 
shaft they spin faster or slower according 
to forces exerted hy the wind. Also 
connected to the shaft is a coded dise, as it 
revolves sensing electronics translate 
rotation into frequency \Unfortunately 
wind speed is rarely constantand tends to 
gust in short bursts, Due to stich side 
effects as friction, mass and inertia, the 
rotating parts cannot instantaneously. 
follow changes in wind speed, therefore; 
the final result is an average wind speed 
indication. 

Wind direction relies on the time 
honoured weather vane principle, 
whereupon an arrow shaped pointer is 
allowed to revolve laterally with the wind. 
Atail fin tends to block the clear passage of 
moving air and is therefore forced into a 
position of least resistance. The arrow tip 
is weighted, as can be seen in Photo 2, to 
damp the otherwise continual oscillation 
that would ensue in strong winds and also 
points to where the wind is going to - not 
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Photo 2. The wind direction ‘arrow’, 


from whence it came! In similar fashion to 
the wind speed sensor, the position of a 
coded disc is electronically sensed and 
translated into a 4 bit binary code. This 
system is capable of registering any one of 
sixteen points of the compass at 22.5 
degrees resolution: 


Circuit Description 

The printed circuit board GD96E is 
used for both wind speed and wind 
direction projects, as is the code disc 
GD97F. All of the electronics shown in 
Figure 1 are utilised/in the wind direction 
project, compared with the much reduced 
wind speed circuitry of Figure 2. 

To simplify design, construction and 
(the ever important) cost, diffuse scan opto 
sensors SN1-5 are used to detect variations 
in reflected infrared field strength. In 
Figures 3 & 4 youcan see that the sensor 
actually has both /Reemitterand 
phototransistor in a single package; objects 
placed in the field of view will either 
absorb or reflect infrared energy from the 
emitter which is then detected by the 
phototransistor. A black, non reflective, 
surface absorbs much of the infrared 
energy whilst a white surface will reflect it. 

The code disc, shown in Figure 5, has 


s ee. 
Gn: ee 

) aes 
Sp wes 


five rings printed in black and white 
sections, with the outside ring being a 
‘strobe’ and the inner four rings coded in 
binary form, Sensors SN2-5 are placed 
around the PCB in such a way thata 
unique 4-bit binary code is produced for 
every 22.5 degrees rotation of the code 
Although this type of arrangement 

s for very easy construction it has 
drawbacks due to variations in device 
manufacture, dise surface reflectivity and 
extremely accurate alignment isrequired 
for each sensor. Unless all four sensors can 
be made to generate an output signal at the 
same time, then the codes produced will be 
incorrect. These problems are overcome: 
by first squaring up the analogue 
waveform at the sensor output with 
schmitt trigger IC] and then storing the 











voltage level in a quad d-type latch IC2. As 
the dise rotates, sensors SN2-5 produce 
their voltage levels first and thera ‘strobe” 
pulse, from SN1 (Figure 6) and the outer 
disc ring, latches data at the four output 
pins p7 to p10. The data remains stable 
here until the next ‘strobe’ pulse is 
produced from the disc being rotated 
again, thereby latching in the next set of 
data. Codes produced are in the usual 
binary form 0000 to 1111. The remaining 
IC] inverter is not used on the wind 
direction project, but is used to shape 
analogue pulses connected to pin p5 from 
the wind speed PCB, pin p] on Figure 2. 
Only SN1, RI and C1 are used for this 
circuit (R2 is omitted and replaced by R9 
on the wind direction PCB) and the +5V 
supply comés from the 5V regulator RG1 
output. pin p2. 


Constructing the Wind 
Speed Module 


For general hints on module 
assembly, please refer to the constructors 
guide supplied with the kit. On this 
module only, most of the circuit board is 
not used and Figure 7 shows the few 
components required to complete this 





















































Figure 2. Wind speed circuit, 


Please note that it is important to mount 
SN1 correctly if its operation is to be 
reliable! Solder all components in place 
and cut off the remaining wire ends, the 
finished module is shown in Photo 4. 


Constructing the Wind 


Direction Module 

Refer to Figure 9 for the PCB 
component layout and begin construction 
by inserting all eleven pins, pl to pll. 
Unlike the previous module, fit all seven 
links onto the board and both IC sockets. 
Identify and fit nine resistors R1 to R9, 
capacitor Cl and regulator RG1; solder 
these in position and cut off the remaining 










We 2 
{ t Intra red Tx 


Intra red Rix 


Infra red sensor 


Intra red refiected 
from white areas on 
the code disc 
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PCR VV 





Figure 1. Wind direction circuit. 


project. Fit the three links as shown, insert 
pins pl to p3 and mount RI and Cl. 
Before inserting SN1, refer to Figure 4 and 
identify the short cathode (k) lead 4; 
position the sensor so that the cathode (k) 
lead enters into a PCB hole also marked 
with a ‘k’ and solder one of the leads onto 
the board. Adjust the sensor until it is 
standing square and 9mm above the board, 
a5 shown in Figure 8 and Photo 3 - if the 
sensor is standing too high, such as the 
rear one of the two shown in the 
photograph, then it will foul the code disc! 
Solder the remaining three leads in place. 


10 


Figure 3. Sensor operation. 











Photo 3. Mounting sensors on the peb. 
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Photo 4. Completed wind speed pcb. 


wire ends. Insert IC's 1 & 2 into their 
sockets and mount all five sensors, SN1 to 
SNS, taking note of the precautions as 
stated on the wind speed module. The 
finished module is shown in Photo 5. 


General Details 


Basically, the two sensor housings are 
ideitical, see Figure 10, except for the 
external cup and vane fittings. The sensor 





Infra red emitter 


—— a 
4 
+3 
— 


a, 


Phototransistor 
Collector Emitter 


ar 


4 & 3 


K Cathode Anode 
Viewed from the base 


short lead: 








Photo 5. Completed wind direction pcb. 


housings are fitted onto each end of a 
mounting bar and the assembly is clamped 
onto a suitable mast (not supplied in the 
kit). 


Mounting Studs 

Cut two 45mm lengths from the 2BA 
studding as shown in Figure 11, fita 2BA 
nut onto one end, remove any grease and 
oxidation present with abrasive cloth and 
solder the nut to the stud. You require one 
of these for each sensor housing. Once the 
stud has cooled down, insert it into the 
centre mounting position of a bottom 
housing, from the inside first. The screw 
head should fit into the hexagonal 
moulding and you may need to file away 
some of the solder in order to achieve this. 





Housing Assembly 

Ateach end of the support mounting 
bar there are three holes. Position a bottom 
housing, with its protruding 2BA stud 
inserted into the ceritre hole, so that the 
locating spigot then fits into the outside 
hole, see Figure 12. The remaining holes 
should now align with each other and this 
is where the connecting cables will be 
fitted. Now fit the 2BA shake washer and 
nut, shown in Figure 13 & Photo 6, and 
tighten carefully to avoid cracking the 
plastic or distorting the bar. The end caps 
are fitted later - after wiring up - and they 
prevent water from entering. Equally 
important, the caps stop wind from 
blowing through the tube and emitting a 
noise like a steam train - just what your 

















Figure 4. The OPB706B sensor. 
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Figure 5. Code disc. 





neighbours like to listen to halfway 
through the night! 


Shaft and Bearings 

From Figure14-you can see that the 
shaft has a long and a short end. The 
longer end takes the code disc mounting 
assembly and the short end fits into either 
the cup mounting assembly or the weather | 
vane mounting assembly. Place one of the 
miniature ball races over the short end of 
the shaft as shown and push jit up to the 
end. Now fita cup mounting or pointer 
shaft mounting over the shaft and bearing, 
see Figures 15 and 16, and lock the 





Lp 
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Outer “strobe” ring (16 pulses /rev) 














Pint! Black | White 


ov 


Black 





Figure 6. SN1 output signals. 





To wind direction PCB 
P2P3 PS 


+5V OV Signal 
IN IN| OUT j 








Fit 3 links, 3 pins, SN1,R1 and C1 only on 
wind speed version. 








Figure 7. Wind speed component layout. 


assembly together with an M3 shake 
washer and nut. You will need a pair of 
long nose pliers for this fiddly job! Tighten 
the nut as much as possible and check that 
the ball bearing can still be freely turned. 
If you can turn the mounting whilst 
holding the shaft still, then the nut needs 
further tightening, but do NOT over- 
tighten as the thread will be stripped from 
the nut. Adhesive supplied in the kit can 
be mixed and poured into the cup/pointer 
mounting recess and will prevent the nut 
from parting company with the shaft; it 
will also prevent the assembly from being 
taken apart again, therefore only do this 
once the complete system is up and 
running correctly! 


Top Housing 

Place the remaining bearing onto the 
central moulding as shown in Photo 7 and 
the sectioned view of Figure 10. Push 
down on the bearing until its flange is 
firmly seated onto the plastic; if it will not 
go, widen the hole entrance very slightly 
with a craft knife. Now insert the shaft 
assembly into the top housing, from the 
outside first, and push until the outside 
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Figure 8. Mounting sensors onto peb. 
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Figure 9. Track and layout of the pcb. 
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Figure 10. General sensor head layout. 











ball bearing pops home. There should now 
be 22mm of long-end shaft protruding 
through to the inside. 


Code Disc 

Identify the encoder coupler 
moulding and place it over the shaft as in 
Figure 17, plage the code disc onto the 
coupler with the printed surface facing you 
- see Photo 8 - and press fit both items 
together. Fit the coupler plate and an M3 
shake washer and nut to lock the assembly 
together. To prevent the nut loosening up 
when in use, a small blob of adhesive can 
be put onto the end of the shaft before final 
assembly. 


Wind Speed Cups 

Three cups, see Figure 18, are fitted 
into the cup mounting and they are held in 
place with the cup mounting plate and 3 x 
No.4 x 3/8" self tapping screws. See Figure 
15 and Photo 9. At this stage of the 
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Figure 11. Making the fixing studs. 
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Figure 12. Locating the sensor head on the bar. 
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Photo 7. The ball race in position. 
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Phow 8. The code disc in position. 
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Figure 13, Fixing the sensor head to the bar. 
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assembly, you may wish to pour the 
adhesive into the cup mounting in order to 
bind the shaft, nut and plastic moulding 
firmly together before fitting the plate. 


Pointer Shaft 

With reference to Figure 19, you will 
need to drill a 2mm diameter hole in the 
pointer shaft at the tail fin slot end, which 
should line up with the pre-drilled hole in 
the tail fin once both items are assembled. 
Secure the assembly with an M2 x 10mm 
screw, washer & nut. At the opposite end 
of the shaft, score the surface with a craft 
knife in order to allow any air trapped 
inside the pointer to escape while the shaft 
is being inserted. Apply adhesive inside 
the pointer hole before inserting the shaft. 
The pointer shaft is now placed in its 
coupling recess and the pointer shaft plate 
is placed over the top, as Figure 20 and 
Photo 10; Position the shaft with the tip of 
the pointer set approximately 180mm from 
the centre of the plate (this distance may 
have to be altered later to counterbalance 
correctly). Secure the plate with 4 x 2mm x 
10mm screws. 


Module Mounting 

The module is placed oyer the six 
pillars in the bottom housing moulding and 
can be retained with either small blobs of 
adhesive over each of the 6 PCB holes or by 
re-moulding the head of each pillar witha 
warm soldering iron. I would advise you to 
ensure the module is tested and working 
correctly before permanently fixing the 
modules in place! 
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Photo 9. Fixing the wind speed cups. 
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Figure 14, The axle shaft. 
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WIND DIRECTION INDICATOR PARTS LIST 
PARTS LIST WIND SPEED HARDWARE —- 
: , f ‘Top Housin; 1 YT67X) 
RESISTORS: All 0.6W 1% Metal Fil Pp i. ¢ 
Rl A oS (Ms6oR) Bottom Housing 1 (YT6RY) 
R2,4,5,7,8,9 100k 6 (Mi00K) Shaft dees 4 ee 
mG 2208 c (M3308) Encoder Coupler 1 (JL79L) 
CAPACITOR Coupler Plate i (JL80B) 
cl 10nF 16V Minelect 1 (YY34M) Wind Cups. 3 (YT7IN) 
Cup Mounting 1 (JL81C) 
SEMICONDUCTORS Cup Mounting Plate 1 (JL82D) 
IC 40106BE 1 (QW64U) 
1C2 74HC175 1 (UBASY) = 
RGI pATSLOSAWC 1 (QL26D) WIND DIRECTION HARDWA\ 
MISCELLANEOUS Mop Housings Tae (YT67X) 
SNI-S OPB706B 5 (UK81C) Bottom Housing 1 (YT68Y) 
P.C. Board 1 (GD96E) Shaft _ 1 QL77J) 
Code Disc 1 (GD97F) Ball Race Bearings 2 (JL78K) 
Pins 2145 UPkt  (FL24B) “Encoder Coupler ; GL79L) 
DIL Socket 14Pin 1 (BLisu) Coupler Plate 1 (JL80B) 
DIL Socket 16Pin 1 (BLI9V) pone Shaft 4 Ware 
Constructors Guide 1 (XH79L) Tail Fin ; OLS4F) 
OPTIONAL. Pointer Shaft Mounting 1 (JL85G) 
Test LED RED LED 4 (WL27E) Pointer Shaft Mounting Plate 1 (LS86T) 
Test Resistor 680R 4 (M680R) 
Multicore 6-way Cable AsReq (XR26D) MISCELLANEOUS 
:, , A 2BA Brass Studding 1 (FW13P) 
TE ater partes SAC ain Qpuonel ieee, M2 Shake Proof Washer 1 Pkt (LR6IR) 
Order As LM88V (Wind Direction Kit) Price £17.99 ‘M3 Shake Proof Washer: 1 Pkt (BF44X) 
The following items are also available separately: 2BA Shake Proof Washer 1 Be Gre 
Sensor OPB706B Order As UK81C Price £2.15 MaNue 1 Pkt (LR a 
Wind Sp/Dir PCB Order As GD96E Price £3.99 ANG i By tae 
CodeD me ECB Order As GD97E Erioe £2.85 Self Tapping Screws No. 434" 1 Pkt (BF6SV) 
Isobolt M2 10mm 1Pkt (JD12N) 
NE ee INDICATOR Isobolt M2x6mm 1Pkt (jD11M) 
Mounting Bar 1 (YT70M) 
RESISTOR; 0.6W 1% Metal Film Mast Clamp 1 L870) 
RL 560R 1 (MS60R) End Cap 2 (JL88V) 
Bubble Pack Adhesive 2 (FL45Y) 
CAPACITOR 
cl 10uF 16V Minelect 1 (YY34M) 
MISCELLANEOUS The above items are available as a kit: 
SNI1 OPB706B 1 (UK81C) Order as LM90X (Wind Hardware Kit) Price £29.95. 
PC. Board 1 (GD96E) am ' 
Code Disc 1 (GD97F) The following items are also available separately: 
Pins 2145 LPkt  (FL24B) 
Constructors Guide 1 (XH79L) Top Housing Order As YT67X Price 80p 
Bottom Housing Order As YT68Y Price 80p 
OPTIONAL Shaft Order As JL77J Price £1.80 
Test LED RED LED 1 (WL27E) Ball Race Bearings Order As JL78K Price £3.45 
Test Resistor 680R 1 (M680R) Encoder Coupler Order As JL79L Price 60p 
Multicore 6-way Cable As Req (XR26D) Coupler Plate Order As JL80B Price 60p 
Test Resistor 22k 1 (M22K) Wind Cups Order As YT7IN Price 50p 
Test Resistor 47k 1 (M47K) Cup Mounting Order As JL81C Price 60p 
Test Transistor BC557 1 (QQ16S) Cup Mounting Plate Order As JL82D Price 45p 


The above parts, excluding Optional items, 
are available as a kit: 
Order As LM87U (Wind Speed Kit) Price £9.99 
‘The following items are also available separately: 
Sensor OPB706B Order As UK8IC Price £2.15 
Wind Sp/Dir PCB Order As GD96E Price £3.99 
Code Disc PCB Order As GD97F Price £3.85 





Pointer Shaft Order As YT69A Price 95p 
Pointer Order As JL83E Price £2.50 
Tail Fin Order As JL84F Price £1.45 

Pointer Shaft Mounting Order As JL85G Price 60p 
Pointer Shaft Mounting Plate Order As JL86T Price 60p 
Mounting Bar Order As YT70M Price £3.45 

Mast Clamp Order As JL87U Price £1.25 

End Cap Order AS JL88V Price 18p 
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Higure 1S. Fixinie the papeminoiting to the daft. 
Testing the Modules 


Modiile operation can be tested, asa 
TeMporary measure, by connecting up 
TED's, shown in Figure 21; module 
Outputs would normally be connected to 
the main decoder board which will be 
appearing ina later issue. A 1L2VDG 
100mA supply is required and is wired 
with +V to pin p4 and -V toipin pa on the 
wind direction POR, Tstignest thar 
hook-up wire is connected for testing 
purposes only, through the support bar to 
the two serisor heads, thus allowing 
components to be wired up externally. Pin 
p2(+5V) on the wind speed PCB can be 
wired directly to pin p2 on the wind 


Photo 10. Completed pointer. 
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Figure 17. Fixing the code dise injposition: 





Figure 18. The wind spewtonpa. 


direction POB and this also apptien to the 
OV pin p3, After wicing, clip each module 
‘ont the mounting pillics and fit the top 
honsingy iy place, Turn on the power 
supply and revolve the pointer stiatt slowly 
in dn anticlockwise direction; whereupon 
the four LED's should Tash on and oft 
Position the poititershaft sueh thavall 
LED's are extinguished and conunie to 
torn the shaft until the first LED to tight 
Up correyponds to pin p7,or binury O00}, 
the next LED only to light up should then 
correspond to pil p§, or binney 0010, All 
16 codes should be individually generated 
In sequence as the shaft is revalved with 
pin p? asthe lense significant digitand plo 
as The Most Significnnt, 
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Guitar Headphone 
Amplifier 


This simple amplifier is intended for 
guitar practice purposes. It has a low 
power output stage which is suitable for 
use with medium impedance headphones 
(the type widely sold as replacements for 
personal stereo units). These offer good 
efficiency, but mostly have a wide 
frequency response and quite low distor- 
tion. In fact they generally offer remark- 
able audio quality for their price. Their 
lightweight construction makes them 
easy on the head and ears in prolonged 
use. This amplifier can be built to suit 
high or low output guitar pickups. It 
incorporates a simple ‘fuzz’ effect which 
generates ‘soft’ clipping. This gives what 
is generally accepted as a more musical 
effect than the harsh hard clipping 
produced by many home constructor fuzz 
effect units. 

IC1 acts as the preamplifier, and this 
is a standard operational amplifier invert- 
ing mode circuit. The voltage gain is 
controlled by negative feedback network 
RI-R4, and the specified values give a 
nominal voltage gain of 204B (ten times). 
This should give the unit adequate 
sensitivity for operation with even the 
lowest output pickups. However, if 
necessary the gain can be boosted 
slightly by making Ré a little higher in 
value (say 1M). Rather than a lack of gain, 





From Robert Penfold 














Guitar Headphone Amplifier. 
it is more likely that the unit will prove to 
be too sensitive if it is used with a modern 
pickup having a high output level. There 
is then a risk of IC] being driven into 
clipping and producing severe distortion. 
In order to avoid this, if the unit is to be 
used with high output pickups the value 
of R4 should be reduced to 47k. IC] then 
merely acts as a unity gain buffer stage. 
The output of IC] is coupled to the 


volume control by C4. Most electric 
guitars have a built-in volume control, but 
in order to obtain optimum noise per- 
formance the guitar's volume control 
should be set at maximum and the volume 
should be controlled using RV1. The unit 
does not include any tone controls, but 
this is not too important as they are also a 
feature of most electric guitars. The 
output amplifier is another operational 
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amplifier circuit, but this time it uses the 
non-inverting mode. The LF411 specified 
for the IC2 position is a high performance 
bifet device, but it has been selected for 
this circuit simply because it has output 
characteristics that seem well suited to 
driving medium impedance headphones. 
It gave good vclume when tried with 
several pairs of medium impedance 
headphones, but some other operational 
amplifiers (e.g. the LF351) were less 
successful. I would not recommend the 
use of alternative operational amplifiers 
in the IC2 position of this circuit. 

The ‘soft fuzz’ effect is introduced by 
closing Sl, so that D1 and D2 are added 


into IC2’s negative feedback circuit. This 
gives what is a conventional clipping 
amplifier, except that Dl and D2 are 
germanium diodes and not silicon types. 
Whereas silicon diodes require a for- 
ward bias of about 0.6 to 0.65 volts before 
they will conduct, and thereafter they 
conduct very heavily, germanium diodes 
start to conduct at a much lower voltage. 
Also, they turn on much more gradually. 
This gives a good ‘soft’ clipping effect 
and a good ‘fuzz’ sound. When the fuzz 
effect is switched in, R8 is shunted across 
R7 so that IC2's voltage gain is boosted. 
This ensures that there is sufficient gain 
to give reasonably strong clipping. It also 





compensates for the increased feedback 
introduced by the diodes, and the drop in 
volume it would otherwise introduce. 

The headphones are driven from the 
output of IC2 via d.c. blocking capacitor 
C7, and results will probably be best if 
the phones are wired in series (i.e, ignore 
the earth tag.and connect the other two 
tags to the output of the amplifier). The 
current consumption of the circuit is only 
about 5 milliamps under quiescent condi- 
tions, and two or three milliamps more 
than this at high volume levels. A PP3 size 
9 volt battery is adequate as the power 
source, and the unit can be built into a 
‘pocket’ size case if desired. 





Morse Regenerator 


Morse code is generally accepted as 
being the best mode of operation to use 
when band conditions are really bad. An 
experienced operator can read a weak 
code signal through very high noise 
levels, What can defeat a lot of operators 
is when there are a number of morse 
code signals within the passband of the 
receiver. This can produce a very 
confusing jumble of tones. A lot of people 
use some form of automatic morse 
decoder these days, and these are often 
not very good at sorting out the required 
morse code signal from the noise, or from 
adjacent channel interference. 

Some receivers overcome these 
problems by having highly selective if. 
filters for c.w. reception, or a narrow 
bandwidth audio filter. However, these 
features are absent from many short 
wave sets. It is not too difficult to add an 
‘out-board' audio filter, or to use the 
interesting alternative of a tone regenera- 
tion unit, The basic idea of a regenerator 
is to have an audio oscillator which is 
keyed on and off by the received c.w. 
signal. Although the audio input signal 
may be heavily infested with noise, the 
regenerated output signal is the output 
from the keyed oscillator, and is totally 
free of noise. 

















Morse Regenerator, 


Units of this type can be based ona 
filter plus rectifier and smoothing circuit, 
or a phase locked loop. It is the latter that 
forms the basis of this circuit, The input 
signal is taken from the tape recorder 
output of the receiver, or the headphone 
socket if no recorder output is available. 
If using the headphone socket, be careful 
not to advance the volume control so far 
as to overload the unit. TR] acts as an 


| 


input amplifier, and a certain amount of 
filtering is also provided here. The ability 
of the circuit to pick out just the required 
signal is mainly due to the selectivity of 
the phase locked loop though. 

This is the NES67 (IC1) which is 
specifically designed for tone decoding 
applications. It inclides a form of 
synchronous detector. The v.c.o. is used 
to control an electronic switch which is 
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turned on during positive half cycles. The 
input signal is passed through this switch, 
and when lock is achieved only positive 
half cycles will be passed. These are 
smoothed and used to drive an open 
collector n.p.n. output transistor. Of 
course, if lock is not acheived, the switch 
will pass a mixture of negative and 
Positive pulses, and the smoothed output 
signal will be insignificant. Therefore, the 
output stage only switches on when lock 
is achieved, and the high degree of 
selectivity required for this application is 
achieved due to the narrow lock-on 
range of the NES67. The centre frequency 
isa little over 1kHz, and due to the narrow 
bandwidth of the unit, tuning needs to be 


TTL Logic Tester 


This logic tester is simple enough to 
be built as a probe style tool, but it is 
fairly comprehensive in its analysis of the 
test point. It gives indication of static low, 
static high, pulsing, and illegal logic 
levels. The status of the test point is 
indicated by four le.d.s. The unit is only 
intended for use on 5 volt TTL logic 
circuits incidentally. It provides loading 
that is approximately equal to one LS TTL 
input. 

ICla acts as a buffer stage at the 
input of the unit, and it drives le.d.s. D1 
and D2. These indicate logic 1 and logic 0 
levels respectively, Many test points in 
logic circuits are not conveniently at 
Static levels, but are switching to and fro 
between the two logic states, often at a 
high frequency. Low frequency switching 
of the test point will be indicated by D1 
and D2 flashing visibly. However, the 
switching rates of logic circuits are such 
that the flashing of the Le.d.s will be so 
fast as to be imperceivable by the human 
eye. Both D1 and D2 will then appear to 
be switched on, with one being brighter 
than the other if the input signal spends 
more time at one logic level than the 
other. This is a useful feature as it gives a 
rough guide to the mark-space ratio of 
the input signal. 

If there is a very strong bias towards 
one logic level, one Le.d. will seem to be 
switched on at full brightness while the 
other will not light up noticeably at all. 
This can give the mistaken impression 
that the test point is in a static state. This 
problem is overcome by the inclusion of 
a simple non-retriggerable monostable 
multivibrator. This is based on IC2 which 
drives led. indicator D3 from its Q 
output. The input of IC2 is driven from the 
output of IC]. Input pulses trigger IC2 
and flash D3 for what is only a fraction of 
a second, but D3's on time is quite long 
enough to ensure that clear indication of 
an input pulse is provided. 

TTL logic circuits should have a 
minimum logic 1 voltage of 2 volts, and a 
maximum logic 0 potential of 0.8 volts. 
Input voltages of between 0.8 and 2 volts 
are therefore invalid and should generate 
an error indication of some kind. It could 
happen that an invalid input voltage 
would result in D1 and D2 both switching 
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very accurate (as it does with any highly 
selective c.w. filter). 

The output of IC] is used to control 
Le.d. indicator Dl, and a simple phase 
shift type sinewave oscillator which is 
based on TRI and has an operating 
frequency of about 1kHz. The input signal 
and the output of the oscillator are 
combined at a simple mixer stage built 
around JC2. The input and oscillator 
volumes are controlled using RV1 and 
RV2 respectively. When searching for 
stations the input signal must be set at a 
reasonably high volume, but once a 
signal has been accurately tuned-in RV1 
can be backed off. It can be set right 
back so that the input signal is completely 





muted if desired, but most users prefer to 
have the input signal still audible in the 
background. 

The output of the unit will drive most 
types of headphone at good volume. With 
low and medium impedance types it is 
usually best to use series connection of 
the phones, but parallel connection may 
be better with high impedance types. The 
current consumption of the circuit is 
about 14 milliamps under quiescent 
conditions, and something approaching 
double this figure during the periods 
when it is locked onto an input signal. A 
fairly high capacity battery (such as a PPO 
type) is therefore needed in order to 
power the unit economically. 

















Logic Tester. 


on at something less than full brightness, 
with D3 not switching on and showing 
that this was due to an illegal input 
voltage rather than a pulsing signal. In 
practice things can not be guaranteed to 
work this way, and ICla might tend to 
switch one way or the other even with a 
non-valid input voltage. To guard against 


this a window discriminator circuit has 
been included in the unit. This detects 
input voltages of much more than about 
0.8 volts but somewhat less than 2 volts. 
This circuit is based on IC3 and has IC1b 
to combine the outputs of the two 
operational amplifiers and drive lLe.d. 
indicator D4. 
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Power for the unit could be derived 
from its own power supply or batteries, 
but with this type of equipment it is 
generally much more satisfactory to tap 
off power from the circuit under test. The 
current consumption of the circuit is 
around 25 milliamps. Table 1 summarises 
the Le.d. states for various types of input 
condition, and should prove to be helpful 
when first using the unit. 





INPUT Static Static Low Freq. High Freq. Invalid 
STATE Low ‘High Pulse Pulse Voltage 
D1 OFF ON FLASHING ON-OFF - ON-OFF 
D2 ON OFF FLASHING ON-OFF ON-OFF 
D3 OFF OFF FLASHING ONor FLASHING OFF 
Dt OFF OFF OFF OFF ON 


% Note that with a high frequency pulsing signal D4 may switch on dimly. This is due to 
inadequacies in the switching speed of IC3 and does not indicate-a fault at the test point. 








Table 1. Summary of input conditions, 





TTL Logic Pulser 


The increasing dominance of logic 
circuits has led to the introduction of new 
types of test equipment where conven- 
tional instruments proved to be inadequ- 
ate. A logic pulser is a good example of a 
piece of equipment which falls into this 
category, and it could reasonably be 
regarded as the logic equivalent of an 
audio signal generator. An audio signal 
generator is usually of limited value when 
testing digital circuits. Sinewaves are of 
no use for driving logic inputs, and 
squarewaves have their limitations (even 
if the signal generator can be set for an 
output level that can drive logic inputs 
properly), Ideally what is needed is a 
logic pulse generator that permits an 
output signal to be generated that has any 
desired high/low periods, with each one 
being individually adjustable. 

Unfortunately, a good crystal control- 
led pulse generator covering a wide 
range of pulse times is a fairly complex 
and expensive piece of equipment. 
However, for many purposes something 
much more basic will suffice. This pulser 
unit has six switched durations, with 
separate duration controls for the high 
and low periods. The available times are 
approximately ls, l0us, 100s, Ims, 
10ms, and 100ms. Thus, if a waveform 
consisting of a lus pulse every 10ms was 
required, it would simply be a matter of 
‘setting the high control at ljzs and the low 
control at l10ms. This simple method of 
operation enables a useful range of 
frequencies and mark/spacé ratios to be 
provided. The unit has complementary 
outputs so that test circuits which require 
a two phase clock signal can be 
accommodated. 




















Logic Pulser. 


The circuit is a form of ‘ring’ 
oscillator, and it is based on two 74121 
monostable multivibrators. They are used 
in the negative edge triggered mode and 
have their inputs and Q outputs cross 
coupled. As the output pulse from the first 
monostable ends, it produces a negative 
transition that triggers the second one. 
The second monostable then produces 
an output pulse, and when this ends it 
produces a negative transition that trig- 





gers the first monostable. This process 
continues indefinitely with the monost- 
ables continually retriggering each other, 
and a form of oscillation being produced. 
The high output period is controlled by 
IC2, while IC] sets the low output period. 

Both monostables have the same 
timing circuit, which consists of two fixed 
resistors wired in series and six switched 
capacitors. The six switched capacitors 
provide the unit with its six preset 
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high/low output periods, but obviously 
this system does not give the same 
degree of accuracy that is obtained from 
a crystal controlled circuit. However, 
pulse times should be accurate to withina 
few percent, which is good enough for 
most purposes. The exception is the 
100ms setting, where the high tolerance 
of the electrolytic timing capacitor com- 
promises accuracy. Tantalum capacitors 
should be used for C7 and C15 if optimum 
accuracy is required. If desired, by using 
seven or eight way switches additional 


pulse times of 100ns and (or) Is could be 
obtained. These would require timing cap- 
acitors of 10pF and 100,F respectively. 

Although very plausible in theory, 
‘ring’ oscillators often fail to operate. This 
is due to the lack of any initial impetus to 
get the circuit up and running. In this case 
R3 and C9 provide a trigger pulse at 
switch-on to an otherwise unused trigger 
input of IC2. This ensures reliable starting 
of the circuit. 

Current drain from the 8 volt supply 
is about 40 milliamps. The unit could be 


powered from a small 5 volt mains power 
supply, or from a fairly high capacity 9 
volt battery by way of a 5 volt regulator. 
Another possibility is to use four AA size 
nickel-cadmium rechargeable cells, 
which will give a supply voltage which is 
close enough to the required 5 volt level. 
These cells.can be fitted in a plastic 
holder and connected to the circuit via a 
standard PP3 style connector. In many 
cases it will probably be possible to 
simply tap off the 5 volt supply from the 
circuit under test. 





AF Signal Source 


Two popular forms of audio test 
equipment are signal generators which 
Provide sine and squarewave outputs 
over a wide frequency range, and signal 
injectors which have some form of pulse 
Or squarewave output at a fixed frequen- 
cy. A good quality A.F. signal generator 
is certainly a real asset for the electronics 
workshop, but an instrument of this type 
is too costly and complex for those who 
will only undertake occasional audio 
testing. On the other hand, a signal 
injector is a bit too basic for much audio 
testing. The output is generally fixed and 
at quite a high level, makiny it difficult to 
check for something like a slight lack of 
gain in a circuit. Distortion can not be 
readily detected either, as the square- 
wave signal produced by a signal injector 
contains very strong harmonics. Trying to 
locate a faulty stage that is producing 
clipping is impossible using this type of 
test signal as the input signal is effectively 
clipped already! 

For those who consider a signal 
generator to be beyond their needs but a 
signal tracer to be inadequate for their 
purposes, the obvious compromise 
choice is an A.F. signal source. This is 
effectively an audio signal generator, but 
having fixed frequency operation and no 
squarewave output. A unit of this type can 
be used for most types of audio testing, 
the obvious exception being that it is of 
no use for frequency response testing. It 
can be used as an audio signal injector 
though, and the ability to set the output at 
any desired level ensures that an 
appropriate output level can be selected 
for any piece of audio equipment. If a 
microphone preamplifier only requires 
an input level of 10 millivolts r.ms., then 
that is the signal level you use. There is 
no need for overloading of the equipment 
and the misleading results this can 
produce. The high quality sinewave 
output signal will readily show up any 
clipping. You do not even need an 
oscilloscope - monitoring the output ‘by 
ear’ will readily show up any clipping (or 
practically any other form of distortion 
come to that). 

This audio signal source is based on 
the usual Wien bridge oscillator with 
thermistor stabilisation. This is not exactly 
the latest thing in moder technology, 
and it is a type of circuit that has been 
used extensively for many years now. On 
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The A.F. Signal Source, 


the other hand, despite its simplicity it is 
not easily bettered. Low distortion is 
assured by the use of a bifet operational 
amplifier as the basis of the unit. Also, 
unlike most other forms of gain stabilisa- 
tion, the thermistor type provides what 
for most practical purposes can be 
regarded as zero distortion. It is also very 
effective at stabilising the output level 
against changes in output loading. In this 
case the output level is approximately 2.8 
volts peak to peak (1 volt rms). 
However, RV1 is a variable attenuator 
which can be used to set the output at any 
level from zero to this maximum figure. 
There is also a three step attenuator, and 
S1 can be used to reduce the output by a 
factor of 10 or 100 if desired. This can 
make it much easier to accurately set the 





desired output level when a low ampli- 
tude output is required. 

The operating frequency of the 
circuit is approximately 1kHz. With only a 
single operating frequency it obviously 
makes sense to choose one at roughly the 
middle of the audio range, and lkHz 
would seem to be the obvious choice. 
However, if desired the output frequency 
can be changed by altering the value of 
C3 and C4. The output frequency is 
inversely proportional to the value of 
these components (e.g. doubling their 
value halves the circuit's operating 
frequency). 

The current consumption of the 
circuit is only about 3.5 milliamps, and a, 
small (PP3 size) 9 volt battery should give 
many hours of use. 
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ALF. Signal Source Circuit. 
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MORSE REGENERATOR 
PARTS LIST 

RESISTORS: All 0.6W 15 Metal Film 

R19 1M 

R2,10,12 4x7 

RS 470R 

RE 820R 

RS 12k 

RE 10R 

RIB 6ka 

R114 am 

R13,18 5k6 

RV12 10k Leg Pot 
CAPACITORS 

ic 100uF 10V Axial Electrolytic 
C2,8,13,15 100nF Polyester 

c3 22nF Polyester 

C414 470nF Polyester 

cs 22nF Ceramic 

69,16 2u2F 100V PC Electrolytic 
c7 1uF 100V PC Electrolytic 
C10,11,12 10nF Polyester 

C7 1004F 10V PC Electrolytic 
SEMICONDUCTORS 

Ic) NES67 

1c2 MATAIC (8 pin) 

TRI2 C549 

DI Smm Red LED 
MISCELLANEOUS 

SKI 3.5mm Jack Socket 

SK2 Standard % inch Jack Socket 
sl SPST Ultra-Min Toggle 

Bl 9 Volt (PP9 size) Battery 


DIL IC Holder 8-pin 
Battery Connector 
LED Holder 


PRO me 


eo Bo ae 


Petes po eigenen 


(MM) 
(Mak) 
(M470R) 
(M820R) 
(M12K) 
(QM410R) 
(M8K8) 
(MAK) 
(M5K6) 
(Fw22¥) 


(FB48C) 
(BX76H) 
(Bx72P) 
(Bx20B) 
(BX01B) 
(FF02C) 
(FFOIB) 
(BX70M) 
(FFIOL) 


(QH6SA) 


GUITAR HEADPHONE AMPLIFIER 


PARTS LIST 

RESISTORS: All 0.6W 195 Metal Film 

RI 47% 

R23 22k 

Re 470k 

R56 100k 

RI S60R 

R8 180R = 
Ro 4k7 

RVI 22k Log Pot 
CAPACITORS 

cl 10uF 10V Axial Electrolytic 
C23 luF 100V PC Electrolytic 
C4 4u TF 63V PC Electrolytic 
cs 330nF Polyester 

C67 100uF 10V PC Electrolytic 
SEMICONDUCTORS 

cl LF351 

1c2 LF411 

D12 OAS1 

MISCELLANEOUS 

SKI Standard Jack Socket 
SK2 §.6mm Stereo Jack Socket 
Bl 9 Volt (PP3 size) Battery 
Sl DPDT Ultra-Min Toggle 
82 SPST Ultra-Min Toggle 


Battery Connector 
DIL IC Holder 8-pin 
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AF SIGNAL SOURCE 
PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film 
R2 ‘3k3 
R35 16k 
Re 1k5 
RG 6ke 
RT 680R, 2 
RE 68R 
RO 6RE 
RVI 1k Lin Pot 
CAPACITORS 
cl 1004F 10V Axial Electrolytic 
C25 100uF 10V PC Electrolytic 
C34 10nF Polyester 
SEMICONDUCTOR 
Tcl LFSS1N 
MISCELLANEOUS 
‘THI R53 or RASS Thermistor 
$1 S-way 4-pole Rotary Switch 
$2 SPST Ultra-Min Toggle 
‘SKI 3.5mm Jack Socket 
Bl 9 Volt (PP3 size) Battery 
Battery Connector 
TTL LOGIC PULSER 
PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film 
Ri4 12k 
R25 2k2 
R3 470R 
CAPACITORS 
cls 100nF Ceramic 
2,10 100pF Ceramic 
C311 InF Polyester 
C412 10nF Polyester 
C513, 100nF Polyester 
C614 1uF Polyester 
7,15 10uF 50V PC Electrolytic 
co 1uF 100V PC Electrolytic 
SEMICONDUCTORS 
11,2 74121 
MISCELLANEOUS 
$1,2 6-way 2-pole Rotary Switch 
DIb IC Holder 14-pin 
TTL LOGIC TESTER 
PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film. 
R12,4,8 470R 
RS 6k8 
RS 3k3 
R6 ik 
RT 820R 
CAPACITORS 
ci 4uTF 63V PC Electrolytic 
C2 100nF Ceramic 
SEMICONDUCTORS 
Ci T4LS00 
C2 74121 
1c3 LM358 
D12,3,4 Red LED 
MISCELLANEOUS 
LED Bezel 
DIL IC Holder 8-pin 


DIL IC Holder 14-pin 
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ear) 


(470R) 
(MKB) 
(M3K3) 


(MIK) 
(MB20R) 


(FFO3D) 
(YR78S) 


(YFOOA) 
(Q73Q) 
(Uy34M) 
(WL27E) 


(FM38R) 
(L177) 
(LIB) 
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City of Lace, 
Legend and Maplin! 


| Nottingham is world famous for its 

| exquisite lace, and connections with the 
legendary folk hero, Robin Hood. 
Situated in the East Midlands, the city is 
easy to reach by road, via the Ml or by 
rail using the Inter-City service. The 
Maplin shop in Nottingham is one of the 
newest additions to their chain of 

| regional shops, and its opening fulfills the 
Tequirement for a source of electronic 

| components and accesories in the area. 

| Nottingham has such a lot to offer, it 

| 


| qt 
ju tg Ber 
s 


is really worth an ‘outing’ for the day, take 
the family and let them wander round the 
city centre while you spend your time 
browsing through Maplin's extensive 
range of products. The self service layout 
allows the customer to see exactly what 
he or she is buying, ideal space to allow 
sizing up of different items to make sure 
everything will fit in the box’! If you have 
@ query on the suitability of an item, the 
friendly, helpful and knowledgeable staff 
are always ready to give assistance. The 
computerised stock system ensures the 
best availability of parts. A good tip if you 
are travelling some distance is to 

| telephone the shop first and check that 

Nottingham castle. the items you require are in stock. 
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What's on offer to the visitor to 
Nottingham? In short a lot! When I arrived 
for the day, to visit the shop, I quickly 
decided a trip back was definitely in 
order, there is such a lot of things to do 
and places to see. A quick visit to the 
Tourist and Information Centre will 
provide all the information, leaflets and 
maps you will need to plan a fun day out. 

There is plenty of heritage and 
legend to find out about in Nottingham. 
To most people, the most famous of all 
outlaws will spring to mind; Robin Hood 
and his band of merry men, fighting the 
Sheriff of Nottingham. Visiting the Castle 
and Sherwood Forest is sure to conjure 
up pictures of the medieval feuds in 
anyones imagination. The city centre 
museumis will provide views of life gone 
by, capturing the day to day activities in 
the breweries, industry and textile mills. 
Anew addition is Green's Windmill and 
Science Centre, which was once the 
home of George Green, one of the 19th 
century's greatest mathematicians, who 
was admired by Albert Eienstein. I 
wonder what he would have thought of all 
the high technology devices now so 
readily available at Maplin? The 
controversial writer D, H. Lawrence, was 
bom in the nearby mining town of 
Eastwood, his birthplace is now a 
museum, set out in his memory, 
Newstead Abbey was the home of Lord 





Maplin’s new Nottingham shop. 


Tuesday 17th January and within the first 
week started drawing large numbers of 
customers. Maplin shops frequently 
attract customers from 50 miles or more 
away, and the Nottingham shop is no 
exception, word spreads fast. It just goes 
to show that the reputation of Maplin for 
excellent service, a wide range of quality 
goods and low prices is no idle boast, 

The shop is easy to reach by road, 
rail or local bus and is situated on the 
north east corner of the city’s ring road 
just a few minutes from the city centre, 
and can be found at 86-88 Lower 








Shop staff: Andy, Ricardo (Manager), John and Kevin. 


Byron for almost 20 years and for anyone 
who enjoys the romance of classical 
poetry it is worth a visit, the beautiful 
grounds provide an ideal place fora 
picnic too, Nottingham is of course 
famous for its lace making, and visiting 
the numerous shops, lace centre and lace 
hall is bound to be popular with the 
ladies, Every October, Nottingham 
becomes host to the 3 day spectacular, 
Goose Fair. The fair dates back to the 
18th century, where geese were sold, 
hence the name. Old Edwardian 
roundabouts sit side by side with the 
latest thrilling, spinning (and stomache 
churning!) rides in this 18 acre spectacle 
of noise and colour. 

‘The Maplin shop opened on 
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Parliament Street. Parking is quite good, 
free outside the shop or in adjoining 
streets, alternatively there is a car park 
nearby between Brook Street and Lower 
Parliament Street. If you are coming by 
road on the M1 take junction 25 (from the 
south) or junction 26 (from the north), by 
rail the shop is just over half a mile north 
of the railway station. 


The Manager of the Nottingham 
shop, Ricardo, is not a new face to 
Maplin, he has been with the company 
since 1984, when he joined as a Junior 
Sales Assistant. It wasn't long before he 
started to climb up through the ranks and 
within three years, he became Assistant 











Manager at the Southend branch in 
Westcliff-on-Sea. 

Maplin shops require a special type 
of shop manager, because not only must 
they be able to run the shop in an efficient 
way, ensuring maximum customer 
satisfaction, but also have to have a good 
working knowledge of electronics and 
know how to help solve customers 
problems. Ricardo certainly has these 
qualities, he explained the background to 
his skills; "When I was at school, I wanted 
to get ajob in electronics, unfortunately 
the careers teacher got things mixed up 
and I ended up with a job ina high street 
retail chain selling domestic electrical 
goods! Not what I wanted at all. However 
this turned out to be a blessing in 
disguise, the experience and training I 
got took me up to assistant manager 
level. I then went on an MSC course to 
study City & Guilds Electronics, which 
has got a good practical base rather than 
just theory. After qualifying, Ijoined 
Maplin, where I suddenly discovered that 
the skills in sales and experience in 
electronics, complemented each other 
perfectly,” Since 1984 he has worked at 
Hammersmith, Birmingham and 
Manchester shops. He also helped lay out 
the Bristol and Birmingham shops, 
Ricardo moved to Nottingham in 
November and started shop fitting in 
December. I asked what sort of reaction 
the customers gave when the shop 
opened, he replied: "The customers were 
really pleased we were open and said 
things like; ‘Great, about time too !', ‘It's 
good to see the items before buying’, 
‘Great for getting advice’, things like that.” 
His hobbies and activities include; karate, 
electronics, radio controlled boats, roller 
skating, computers, music and 
decorating his house. Working with 
Ricardo, is John, the Assistant Manager, 
whose background is in electronic sound 
equipment. His qualifications are in 
electronics, computers and electrical 
engineering. He's a semi-professional 
musician and plays keyboards and lead 
electric guitar, as well as building his own 
audio gear, The Sales Assistants are 
Kevin, Andy and Tim. They have 
experience in electronics and are keen 
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Postwar: The 700- 


Type Telephone 

In 1908 there were just half a million 
telephones in the UK. Twelve years later 
there were a million, and twelve years 
after that, two million. The number of 
telephones has been rising at 7% or so 
each year since anyone first bothered to 
count them, and it's still growing at the 
same steady rate (Figure 1). 

By 1946 the Telephone 332 was more 
than ten years old, and the Post Office 
decided that technology had advanced 
far enough to make it worthwhile to start 
work on a new design. Even if the 
performance of the new telephone 
proved to be no better than its predeces- 
sor, new manufacturing methods (such as 
printed circuits) should guarantee that it 
would cost less to make, and this was 
becoming increasingly important. More 
than 2 million telephones had been 
added to the UK network since the 332 
first saw service. A new telephone design 
could be expected to last for at least 
fifteen years — until, say, 1965 - and by 
then there could easily be 10 million 
telephones in the country. So it was clear 
from the outset that one of the main 
design aims must be to keep production 
costs as low as possible. 
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Figure 1. The number of telephones in Britain doubles every 12 years. 
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Transmission Testing 

The first prototypes of the new 
telephone did not appear for some years. 
It proved unexpectedly difficult to de- 
velop a better microphone, and then just 
as difficult to be certain that the new 
telephone really was better than its 
predecessor. The problem came down to 
this: how can the transmission perform- 
ance of a telephone be judged objective- 
ly? What does ‘better’ mean? 


nicely with the subjective results. This 
meant that engineers could predict how 
people would feel about changes in this 
one parameter without needing to mea- 
sure their reactions each time. The same 
technique allowed different exchanges 
and even different induction coils to be 
compared, and greatly reduced the 
amount of speech testing required. 
Next, the idea of a ‘conversation’ was 
boiled down to its essence. The talker 
was made to read a fixed list of a 
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Figure 2. The Transmitter Inset No.13 was used, despite its highly non-linear frequency response. 


Telephones obviously exist so that 
human beings can communicate with 
other human beings. This being so, a 
good test should be to arrange for two 
strangers to hold a conversation using 
first one type of telephone and then 
another, and get them to compare the 
two. Personal bias could be removed by 
using a sufficiently large group of 
subjects. The trouble is, human beings 
are all so different. Some people talk 
much more loudly than others, some are 
slightly deaf (though they may not know 
it), and some prefer to talk as much as 
they can without really listening. To get 
meaningful results it would be necessary 
to use many hundreds of people from all 
over the country. Besides, the sending 
and receiving characteristics of tele- 
phones depend on the line conditions, 
The type and length of line between the 
telephone and the exchange can make a 
big difference; even the type of exchange 
matters. Collecting and processing suffi- 
cient data simply to decide between one 
finished design and another would be a 
huge undertaking. It boggles the mind to 
think of using this exercise as a routine 
testing tool. 

Yet design engineers need a way of 
assessing how close they have come toa 
finished product. There must be an 
objective definition of what they are 
trying to achieve, and an agreed set of 
tests - a yardstick - that can be applied to 
their design to see if the target has been 
reached. 

To bridge the gap between subjective 
and objective, the first step was to 
compare peoples’ reactions to a change 
in, say, line length with some other 
Parameter that can be measured in the 
laboratory. It was quickly found that the 
dB loss at certain frequencies correlated 
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thousand or so nonsense syllables, whilst 
the listener wrote down what he (or more 
often, she) thought was said, The need for 
a large group of people was removed by 
using specially-trained talkers who could 
maintain a constant voice level and speak 
at a fixed distance from the microphone. 
The ‘articulation tests' were done in 
acoustically-dead rooms, of course, and 
various levels of room noise were 
simulated using loudspeakers. This 
method of subjective assessment re- 
mained standard for many years. I myself 





took part in one such test in the late 
1960's, and a weirdly uncomfortable 
experience it was too, rather like being 
the only one at a seance. “Is anybody 
there?” I kept wondering, 

Articulation testing was used to estab- 
lish the maximum length of each type of 
local line which could be used to link a 
telephone to its exchange and still give 
acceptable speech performance. To 
make life simpler for the line planners, 
the limit was expressed not in dB but as a 
Transmission Equivalent Resistance 
(TER), measured in ohms. As such it sat 
easily beside the signalling. limit, also 
expressed in ohms, which specified the 
maximum line length at which dial pulses 
could still be recognised unambiguously. 
(Dial-pulse distortion became unaccept- 
ably high at a line length much shorter 
than that at which the bell would no 
longer ring or the microphone feed 
current became too low, because of the 
pulse-rounding effects of line capaci- 
tance.) 


Sensitivity 


A telephone will only work properly 
when the cable linking it to the local 
exchange is short enough to be within 
both the signalling limit and the TER limit. 
Telephones close to an exchange are 
straightforward: the short distance allows 
the use of thin, high resistance wire. 
Those customers who live on the fringes 
of an exchange area however pose more 
of a problem. The line planners must 
ensure that the cable serving them is just 
adequate to meet the maximum safe 
resistance and TER limits for their 
telephones. This can be very expensive, 
because not only is it necessary to 
provide a much longer cable run, the 
cable itself must have lower resistance 




















Photo 1. Telephone 706, 
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per unit length; in other words, it must use 
thicker wire. If the TER limit could be 
increased, cheaper cable could be used, 
and perhaps also fewer new exchanges 
would have to be built. . 

So the second major design aim for the 
new telephone was to make it much more 
sensitive. The Telephone 332's 660 ohm 
TER limit was to be increased by 50% to 
the nice round figure of 1,000 ohms. 

There was only one possible way of 
increasing sensitivity - the transducers 
had to be improved. The standard 
microphone at that time was the Trans- 
mitter Inset No.13, and work began trying 
to design a better one. Unfortunately, 
although the carbon-granule microphone 
was obviously far from perfect (Figure 2), 
it was the result of many years of 
continual refinement and the technology 
had advanced almost as far as it was ever 
going to get. It might have been possible 
to achieve a smoother frequency re- 
sponse, but not significantly greater 
sensitivity. 

it was a different story with the 
earpiece — the receiver, as it was called. 
STC engineers abandoned the traditional 
approach and came up with a new idea 
(Figure 3), The key concept in the 
‘rocking-armature’ receiver is that the 
diaphragm — the bit that moves the air, 
like a loudspeaker cone — need not and 
indeed should not itself be part of the 
magnetic circuit. Separating and optimis- 
ing these components resulted in a 
receiver having good sensitivity in a 
reliable, low-cost package. The frequen- 
cy response of the new design (the 4T) is 
compared with that of its predecessor 
(the 2P) in Figure 4. 


° °, i 
Transmission Circuit 
Given at least one better transducer, the 
next step was to redesign the induction 
coil in order to trade-off the greatly 
increased receiver sensitivity for smaller 
| but more balanced improvements in the 
performance of the complete telephone | 
(Figure 5). The induction coil is there to 
couple energy from the microphone to 
line, and from line to the earpiece, without 
at the same time allowing much direct 
coupling straight from microphone to 
earpiece. By correctly choosing the turns 
ratios of the three windings and the | 
impedances of the transducers, it is 
Possible to improve both the send and 





receive sensitivities of the telephone. 

The transmission circuit of the new 
telephone is shown in Figure 6. The 
instrument was known as the Type 700 
(perhaps because even then the Post 
Office knew it would still be around in the 
1970's) and it looks superficially very like 
the 332's transmission circuit (Figure 7). 
The induction coils are however quite 
different, see Table 1. 

The lower winding resistances reduced 
the internal losses - not much, but every 
litle helped. Changing the turns ratios 
required the balance impedance to be 
different, though as was the case in the 
332, the balance components were when 
possible used for other jobs as well. 
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Figure 4. The new Receiver Insert (4T) was more sensitive than its predecessor (2P), and hada 
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Figure 3. Construction of the ‘rocking armature' receiver Type 4T 


compared to the earlier Type 2P. 
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telephones. 


Figure 5. Send and receive sensitivities for 300 type and 700 type 
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Figure 6. Transmission circuit of Telephone 700, 
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Figure 7. Transmission circuit of Telephone 332. 


° ©, 
Dialling Cireuit | 

Dialling poses certain special prob- 
lems of its own. The Dial-Off-Normal 
contacts must provide a low resistance | 
path for the current pulses whilst at the 
same time ensuring that the earpiece is 
short-circuited (to prevent loud clicks 
from being heard). A resistance- 
capacitance suppression network must 
be connected across the dial contacts, | 
because the line current flows through 
large inductors (at the exchange end) 
and breaking the current in an inductive 
circuit would otherwise cause sparks at 
the dial contacts, The values of resistance 
and capacitance cannot be chosen 
arbitrarily. They affect the make-to-break 
ratio of the pulses received by the 
exchange, and so the ‘spark quench’ 
circuit used in the Telephone 700 had to 
be similar to that of the 332, the telephone 
it was intended to replace, which used 30 
ohms in series with 2uF (Figure 8). The 
induction coil itself was pressed into 
service as the 30 ohm resistor, along with 
the L8uF bell DC blocking capacitor. 
The original plan had been to keep this 
capacitor at 2uF, but it ended up 10% 
smaller so that both it and the 0.9uF 
capacitor demanded by the balance 
network would both fit into the same can. 


Transmission 


Performance 

Prototypes of the new 700 telephone 
were given an in-house field trial as PBX 
extensions in selected regional Post 
Office buildings. (A PBX is a Private 
Branch Exchange - that is, a small 
exchange serving usually just one build- 
ing and owned by the company that owns 
or occupies the building.) Users were 
almost unanimous in finding them too 
loud, particularly on internal calls. This 
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Figure 8, Dialling circuit of Telephone 700. 
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Figure 9, Transmission circuit of Telephone 706, showing the regulator. 























| yt 














Figure 10. Simplified transmission circuit of the Telephone 706, The regulator reduces 
sensitivity by shunting the transmission circuit when the line current is high. 
Components marked * have low resistance at high line currents and negligibly high resistance 


when line current is small. 
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was an unexpected problem: the new 
telephone had been deliberately made 
more sensitive in order to improve 
performance on long lines, but on short 
lines — and PBX lines are invariably very 
short — it was now too sensitive. Some 
inexpensive way had to be found to 
reduce the sensitivity on short lines only, 
and ideally to make the sensitivity 
independent of line length. 

The answer lay in the realisation that a 
short line has high line current as well as 
low loss: both are aspects of the same 
thing. Current-dependent resistors ex- 
isted, so in principle line current could be 
used to control the telephone's perform- 
ance automatically. Interestingly, when 
the French PTT were faced with this 
problem they chose a quite different 
solution — each telephone installed was 
individually adjusted by the installer to 
make its line current fall within certain 
fixed limits. 

‘The final transmission circuit, modified 
to include a regulator, is shown in Figure 
9, This design variant became the 
standard production 700-type telephone, 
and is known as the Telephone No.706. In 
the mid 1950's, when the Type 706 was 
launched, it was still considered unneces- 
sary to give a product a name. There was 
only one standard telephone, and anyone 
wanting a telephone got that one, so what 
would be the point of naming it? 

In the regulator circuit, line current 
flows through Rl. When the current is 
small — on long lines — the voltage drop 
across R] is too small to forward-bias the 
(selenium) diodes, and the regulator does 
nothing. If the current through Rl is 
sufficient to turn on the diodes, the 
regulator effectively switches two sepa- 
rate shunting resistors (plus the diodes) 
into the circuit and so makes the 
telephone less sensitive (Figure 10), The 
effective resistance of the diodes de- 
pends on their degree of forward bias, 
which in turn depends on line current. 
The circuit is symmetrical to allow for 
inadvertent line reversals. 

The sensing resistor Rl in series with 
the microphone adds extra loss to the 
circuit, even when the regulator is 
ineffective on long lines. To minimise the 
loss, the value of R1 is arranged to be just 
a few ohms at low currents, rising to a few 
tens of ohms at high currents. This 
behaviour is characteristic of light bulbs, 
and in fact Rl is just a special type of 
under-run light bulb, However, to cope 
with situations in which the last ounce of 
sensitivity must be squeezed out of the 
telephone, the regulator was mounted on 
a separate plug-in printed circuit board 
with connector pads at each end; by 
plugging the board in the other way 
round, the regulator could be short- 
circuited. 

The effect of the regulator on perform- 
ance was dramatic. Most people find a 
1dB change in level only just perceptible, 
so the graphs of Figure 11 are really 
demonstrating that the send, receive and 
sidetone levels have all became almost 
independent of the line length for lines 
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Figure 11. Adding a regulator to the basic 700 circuit improved all aspects of performance on 








short lines, 
Coil No. 27 (332) Coil No.30 (700) 

Line winding 2600 turns 1220 turns 

35 ohms 18 ohms 
Balance winding 800 turns 666 turns 

30 ohms 10.5 ohms 
Receiver winding 1800 turns 420 tums 

75 ohms 7.5 ohms 
Tums ratios 1.4:0.4:1 2,9:1.6:1 








Table 1. Comparing the induction coils of the 332 and the 700. 
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from zero up to 2 miles long or more. 
Circuit Diagram 


The complete circuit of the Telephone 
No.706 is shown in Figure 12. Apart from 
the regulator, the circuit seems to include 
much the same components as the 
Telephone No.330, which was discussed 
inthe last article, and in fact the prototype 
700-type telephones were built into 
300-type cases. The differences are quite 
minor: the 700-type handset cord has 4 
wires instead of 3, because the transmis- 
sion circuit was cheaper that way, and the 
100-type lacks the 300-type's 0.luF 
microphone bypass capacitor (which had 
turned out not to be essential after all). The 
major differences between the two 
telephones do not really show up on their 
schematics, though. Virtually every com- 
ponent was improved to make it work 
better and more reliably at lower cost, and 
the result was a design which was still 
being manufactured twenty years later. 


Interested readers may like to consult 
the following articles published in The 
Post Office Electrical Engineers’ Journal. 
‘The rocking-armature receiver’ - JSP 
Roberton, April 1956. ‘The new 700-type 
telephone’ - HJC Spencer & FA Wilson, 
July 1956. ‘The new 700-type table 
telephone — Telephone No.706' - HJC 
Spencer & FA Wilson, April 1959. 

















































































































Figure 12. Telephone 706 circuit. 


Maplin come to Nottingham, continued from page 25. 


hobbyists. Andy is currently studying 
City & Guilds electronics and is 
apparently the joker of the pack, 
although the rest of the staff do not 
appreciate his sense of humour. Kevin is 
also a semi-professional musician, 
playing bass electric guitar. 

So if you live in the Nottingham area, 
pop in to the Maplin shop and you will be 
assured of a warm welcome. Even if you 
don't live in the vicinity of Nottingham, 
make a day of it, bring the family, see the 
sights and visit the best electronics store 
around! 





Useful Information: 


Maplin Electronics 86-88 Lower 
Parliament Street, 
Nottingham. 
Tel. (0602) 410242 
Transport City of Nottingham 
Information: Tel. (0602) 505745 
British Rail 
Tel. (0602) 476151 
National Express 
Tel. (0602) 585317 
Nottingham city 
Transport 
Tel. (0602) 503665 
Tourist Information 16 Wheeler Gate, 
Nottingham. _ 
Tel. (0602) 470661 
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Theatre Royal and Royal Concert Hall. 





Photon provided courtesy of Nottingham City Council. 











Amplifiers Very Closely Matched 


Vy 


a 
.. 
o 


2 


* Wide Supply Voltage Range (+2V to +15V) 
* High Impedance Buffers 


* PCB available 





The LM13700 is a dual 
transconductance operational 
amplifier featuring low 
distortion and a wide dynamic 
range. The package contains 
two transconductance op- 
amps which share a common 
power supply input but are 
otherwise completely 
separate. Two high 
impedance buffers, designed 
to suit the dynamic range of 
the op-amp are included in the 
package. Figure 1 shows the 
IC pinout and Table 1 shows 
the electrical characteristics of 
the device. 
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A transconductance op- 
amp such as the LM13700 can 
form the basis of a versatile 
voltage controlled filter (VCF). 
The LM13700 is particularly 
suitable for use ina VCF 
circuit as the required buffers 
are included in the IC. Figure 2 
shows the circuit of a basic 
voltage controlled low pass 
filter; this circuit acts as a unity 
gain buffer below the cut-off 
frequency. Above the cut-off 
frequency the circuit provides 





700 DUA, 


AWTOWAT, 





‘ Voltage Controlled Filters 

‘ Voltage Controlled Amplifiers 
*« Voltage Controlled Oscillators 
%* Sample and Hold 








Parameters Operating Minimum Typical Maximum 
Conditions 

Power Supply Voltage +2v =15V 

Differential Input Voltage +5V 

Input Offset Voltage labo SuA 0.4mV 4mv 

Forward 

Transconductance (gm) 6700pS 9600S 13000nS 

gmiracking 0.308 

Peak Output Voltage: 

Unloaded, labo 5uA-500uA 

Positive +12V +14.2V 

Negative =v -14.4V 

Common Mode Range =12V 00-4135 

Input Resistance 10K 26k 

SlewRate Unity Gain 50Vius 
Compensated 


Note: Above specifications based on Supply Voltage + 15V, Amplifier Bias 
Current (labo) 500A, Operating temperature 25°C and pins 2& 5 open circuit 


(unless specified) 











Table 1. Electrical characteristics of LM13700 transconductance op-amp. 
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Figure 1, 1C pinout diagram. 





Figure 3. Example of a two pole butterworth filter. 








Voltage controlled oscillator. 











a roll off of 64B per octave. 
Higher order filters may be 
produced using additional 
amplifiers as illustrated by the 
two pole butterworth filter 
shown in Figure 3. The circuit 
diagram of a typical state 
variable filter is shown in 
Figure 4; this provides both a 
low pass and a bandpass. 
characteristic with a roll off of 
approximately 6dB per octave. 





Effective voltage 
controlled oscillators can be 
realized using the LM13700. 
Figure 5 shows an example of 
a voltage controlled oscillator 
circuit that will produce both 
square and triangle wave 
outputs. The frequency of the 
oscillator is determined by the 
amplifier bias current (Iabc) 
which may be varied between 
around 10nA to 1mA; with the 
component values shown in 
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Figure 2. A typical voltage controlled low pass filter. 
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Figure 4. A typical voltage controlled state variable filter. 




























Peakand 
hold. 

















Figure 5, Example of a voltage controlled 
triangle/squarewave oscillator. 














Figure 6. A typical peak detector and hold circuit. 


a“ 








200kHz. The output amplitude 
of the oscillator is effectively 
determined by the value of RS 
and the magnitude of the 
amplifier output current. It is 
important that the differential 
input voltage does not exceed 
+85V; if this voltage is 
exceeded, the inputs will 
zener, resulting in distortion of 
the waveform. 





Figure 6 shows the 
diagram of a typical peak 
detector and hold circuit using 
the LM13700; this circuit 








detects the peak voltage of the 
signal and holds this value for 
a length of time determined by 
the value of capacitor C]. The 
circuit uses ICib to turn on 
ICla whenever input voltage 
(Vin) becomes more positive 
than output voltage (Vo). 
Pulling the output of IC1b low 
via diode D1 prevents Cl from 
charging any more and 
therefore effectively holds the 
output voltage constant until 
Cl discharges. 





The LM13700 IC requires 
asplit rail power supply and 
will operate over a wide range 
of voltages between +2V and 
=16V. Itis important that the 
supply is adequately 
decoupled in order to prevent 





the introduction of mains 
derived noise onto the supply 
rails. Decoupling close to the 
IC is also important as this 
helps to prevent any instability 
that may occur. For optimum 
performance a regulated 
power supply should be used. 
The IC current consumption is 
very much dependant on the 
application in which the 
device is being used but is" 
generally no more thana few 
milliamps. 





Ahigh quality PCB with 
printed legend is available to 
aid the construction of three 
simple circuits using the 
LM13700. The circuits that may 
be built using the PCB area 
voltage controlled state 
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variable filter, a voltage 
controlled triangle/ 
squarewave oscillator, anda 
peak detector & hold circuit. 

Any one of the three 
circuits may be constructed 
using the same PCB. A 
combined circuit diagram of 
the three applications is shown 
in Figure 7 for reference 
purposes; this is the circuit that 
was used to design the PCB, 
the track layout of which is 
shown in Figure 8. 

Figure 9 shows the circuit 
diagram of the voltage 
controlled state variable filter; 
this circuit operates froma 
single rail supply and may be 
powered from a wide range of 
voltages between 4V and 30V 

“(maximum). Power supply 
connections are made to 


| P1(+V) and P3(0V), An input 

















Figure 8, PCB track layout. 
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Figure 9. Circuit to build the VCF. 
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signal is applied between P4 & 
P12 and the filter produces a 
bandpass output on Pé, witha 
low pass output on P8. A 
control voltage (30V 
maximum) applied between 
P§ and OV determines the 
operating frequency of the 
filter (see Table 2). 

The circuit diagram of the 
voltage controlled triangle/ 
squarewave oscillator is 
shown in Figure 10; the power 
supply requirements of this 
circuit are similar to those of 
the state variable filter (4V to 
30V single rail supply). A 
triangle wave output is 
available on P6 witha 
squarewave output on P8. The 
operating frequency of the 
oscillator is controlled by a 
voltage (30V maximum) 
applied between P5 and OV. 

Figure 11 shows the 
diagram of the peak/hold 
circuit; this circuit operates 
froma =4V to =15V, split rail 
supply only. Power supply 
connections are made to 
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Voltage Controlled state variable filter: 

Powersupply voltage S0VDC 

Currentdrain 10mA 
Bandpass lilter centre frequency 20H2-20kHz (variable) 
Low pass filter cut-off frequency 20Hz-20kHz (variable) 
Rolloff §dB peroctave 

Load impedance 10k 

Maximum input voliage 4Vims: 

Voltage controlled triangle/squarewave oscillator: 
Powersupply voltage 30V 

Soe en 10mA 
Outputfrequency 20Hz-20kHz (variable) 
Loadimpedance 10k. 

Output voltage 5V peak to peak (with 30V supply) 
Peak/hold circuit: 

Power supply voltage 215VDC 
Currentdrain BmA 

Maximum inpul voltage BV peak topeak 
Loadimpedance 1k 











P1(+V), P2(0V) and P3(-V). 
The input signal is applied 
between P4 and P9 and the 
output is taken between P6 
and P10. Connecting P7 to P14 
holds the output voltage level 
constant until C6 discharges. 
The output can be reset to OV 
by connecting P15 to OV. For 
some applications a directly 
coupled input may be 
required and in this case a link 
should be fitted in place of C4. 

Figure 12 shows some 
typical performance 
characteristics for the 
LM13700 and Table 2 shows 
the specification of the 
Prototype circuits built using — -| 
the PCB. 
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e12 | | Figure 12, (a) Input offset 
voltage , (b) Input offset current, 
ve P13 (c) Distortion vs differential 
Pie input voltage, (d) 
Transconductance vs amplifier 
bias current, (e) Input resistance 
Figure 11. Circuit to build the peak and hold. vs amplifier bias current. 


6 





Maplin Magazine April 1989 









































































































































































































































































































































































































































































































































S&F & Ys FS F&F 4 SS YS Sf P&S 4% 
PLP SO PO FS FSFE EE ECE EEF ES FE FEY L 
YE SESE SOLE SESE SOS SE VO VL’ V8 
r 
TH TT ie = = 
ssc} |UD Hifi t a 
saiiitlll T il} il 
1) ee 
| wscl i =e oe 
i zi 
Hi am aaa LUST 
| 1 iB 
Tih Titi Ti , ii : 
OtWA WA uA 100UA 1900UA OWA WA TOUR 100UA 1000uA O4uk WA Y0uA 100uA 100048 oo 1K «WX 100K 
| ggg ameter bas current ua) — (Gams bias curren Uiggc) (HY arsitiar bis ewreat (ggg) Frequency (He) 
Figure 12. (f) Output voltage vs amplifier bias current, (g) Amplifier bias voltage vs amplifier bias current, (h) Output. xesistance vs amplifier bias 
current, (i) Output noise current vs frequency. 
VOLTAGE CONTROLLED FILTER co 3n3F Polylayer 1 (wwasc) 
PARTS LIST Bee naieers 
Resistors: All 1% 0.6W Metal Film IC1 BATA 1 (QL22¥) 
R12 27k 2 (M27K) Ic2 1LM13700 1 (YH64U) 
R3,7,9,10,12 18k 8 (MIBK) D1 Not Fitted 
R48,11 Ik 3 (MIK) 
R6 18k 1 (M15K) Links 
R814 8k6 2 (MS5K6) LK) Not Fitted 
RIB Not Fitted LK2 Fitted 
RIS Not Fitted LK3 Not Fitted 
LK4 Not Fitted 
LKS Not Fitted 
Capacitors 
Cl 1uF100VPCElectrolytic 1 (FFO1B) Miscellaneous 
02,3 100uF 38VPCElectrolytic 2 LI9V) P168-14 Pins 2148 1Pkt  (FL24B) 
C4 2u2F 100V PC Electrolytic 1 (FF02C) DIL Socket 8 Pin 1 (BLI7T) 
08,7 100nF Polylayer 2 (wwalu) Di Socket 16 Pin 1 (BLISV) 
ce $n3F Ceramic 1 (WX74R) PCBoard 1 (GE06G) 
8,10 47uF 80VPCElectrolytic 2 (JL16S) Constructors Guide 1 (KH79L) 
4 
8,7 100nF Polyester 2 (wwalu) 
VOLTAGE CONTROLLED oe 4nTE Ceranie 1 (WX76H) 
OCILLATOR 8,10 47uF 50VPCElectrolytic 2 LIES) 
PARTSLIST m eet 
Resistors: All 1% 0,6W Metal Film Semiconductors 
R126 27k 3 (ma7K) ‘ICI BATAL 1 (QL22Y) 
R3 Not Fitted 102 LM13700 1 (YHE4U) 
Rt 4k7 1 (max ODL Not Fitted 
RS FitLink 
RT NotFitted Links ; 
R814 8k6 2 (vsxe) ‘EK NotFitted 
Ro Not Fitted LEA (eyes 
R10 Not Fitted TKS Fitted 
Ril Not Fitted RS Fitted 
RI2 Not Fitted LS Fitted 
R13 aT 1 (M47K) 
RIS Not Fitted ean 
P1-35,68-14 Pins2145 Pkt  (FL24B) 
Capaciors DiL Socket 8 Pin 1 (BLI7T) 
Cl pF 100VPCElectrolytic 1 (FFO1B) Dib Socket 16 Pin 1 (BL19V) 
C23 1002F35V PCElectrolytic 2 GLigv) PC Board : 1 (GE06G) 
C4 Not Fitted Constructors Guide i (XH79L) 
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PEAK/HOLD CIRCUIT co Not Fitted 

PARTS LIST ee aan 

Resistors: All 1% 0.6W Metal Film Semiconductors 

Rl NotFitted Ici Not Fitted 

R2 Not Fitted Ica LM13700 2 1 (YHE4U) 

R3 FitLink DI 1N4148 1 (QL80B) 

R4 4k7 1 (M4K7) 

RS 1k 1 (Mik) Binks i 

R6 NotFitted LK1 Fitted 

R? FitLink LK2 Not Fitted 

RB Not Fitted ee Fitted 

RQ Not Fitted - Fitted 

RIO Not Fitted KS Not Fitted 

RI i ; 

na NotPited Miscellaneous 3 

RB 27k i (ark) PI4679-18 Pins2ids —~ 1Pkt — (FL24B) 

Rid Not Fitted DIL Socket 16 Pin 1 (BLI9V) 

BIS 10k 1 (M10K) A itt 1a (GB08G) 
Constructors Gujde 1 (XH79L) 

Capacitors i 

cl Not Fitted 

C23 100uF38V PCElectrolytic 2 guisv) The following item is available, 

C4 2y2F 100VPCElectrolytic 1 (FFO2C) but is not shown in our 1989 catalogue: 

5,7 100nF Polyester 2  (WWa4lU) 1LM13700(1) PCB Order As GE06G Price £4.20 

cor) l0uFS0VPCElectrolytic 1 (FFO4E) 

cB FitLink 

VARIOUS FOR SALE CIRCUIT DELINEATOR PROGRAM for 


REALISTIC DX100L receiver LW/MW 1.5510 
SOME, price £20, Sharp pocket computer, 
C1248 with manual £15. $-DE-C board (lot 
£30). Contact: Mr. Holdway, 20 Wherwell 
Road, Guildford, Surrey. 

SURPLUS digital and analogue components, 
connectors, ete, for sale, Send S.A. for list 
M. Dean, 187 Canmell Drive, Halton, Leeds, 
ISIS OAP. 

OCTAL RELAY BASES for sale, 20p each or 3 
far 80p. Please enclose SAE toR. Bennet. 4 
Oak Roxd, Dibden Partien, Southampton, $04 
GOODMANS 16 inch speaker £30. Collar 
tanscriptor £25, Advance desk calculator £8. 
Early service sheets £10. Sargrove original 
P.C. receiver £78. Interesting historical items, 
send SAE. for ist. 5 Southcoan Avenue, 
Bexhill, TN39 3AR_ 

‘TELEQUIPMENT D5? OSCILLOSCOPE. 
Dual beam. Tel: (04862) 72120 (Woking 
Surey). 

PLANT MONITOR. Will warn you when up 
104 plants need watering. Requires box, 
probes, plogs and battery. Details are given, 
£7, Jason Young, 2 Woodside, Doddington, 
March, Cambs, PEIS 058. 

AUTO TRANSFORMER. Rating 1000 Watts, 
‘Voltage tappings 0-200-220-240 and 0-105-110- 
UNS. Size approx. 190 110x 130mm. Weight 
approx 7Kg. Virtually new, vary good 
‘condition £27 ono. Tel: (0542) 520385, 
(Stockton-on-Tees) 

LED's. Green (Y'Y46A) ép each and Red 
(¥¥45Y) ep each Send S.A E. to Wiliam Goss, 
‘Traxx, 9 Ranelagh Gardens, Southampton, 
Hanis, S01 2TH. 

MAPLIN PA SYSTEM. Ready built and 
working. Used only once. Complete with 
Hills microphone. £17 inc. P & P. Contact: Mr 
Pinder, 4 Wham Hey, New Longton, Preston, 
PRS 4X0, 

MAPLIN MULTI-FUNCTION DISCO 
MIKER. Good condition, stil with instruction 
book. just over 12 months old. £78, or will 
‘swap for any disco lighting equipment. Tel: 
(0407) 720858, 

MONITOR TUBE. Cotron PDM 17. Perfectly 
fat, 6inch Hi-Res, with potentiometers. Worth 
cover £1,000 offers around £600. Never used. 
(Contact Martin on (G24) 427983 evenings. 
MAPLIN RUC SYSTEM (27M). Unfinished 
project. Comprising: Tx (LKBSX), Rx (LXS8L), 
PWM (LXS4)) and Servo Driver Module 
(LX45Y), All bulk (Tx and Rx tested). Also FS. 
meter. £20 ono, Tel 031-339-2163 

(QUALITY KEYLESS CODE LOCKS. Otfers 
$35 or over, to raise money for Seafiord Dest 
Ciab's new mini bus. Contact Mr P. S. Boult, 
Hoom3, 11 S Vincents Road, Doncaster, South 
‘Yorkshire, DN} 2LR- 
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CLASSIFIED 





Uf you would like to place an 
‘edvertisement in this section Bare's your 
chance to tell Maplin’s 200,000 customers 
‘what you want fo buy ot sell or tell them 
about your club's activities ~ absolitaly 


strictly prohibited inthe Mapin 
‘Magazina. 


Please print all edvertiserents in bold 
capital letters. Box numbers are ayallable 
at £1.50 each Please send replies to Box 











free of charge. Wo wil pablish as many ‘Numbers to the address below, 
Sdvertisements as we haye space or. To ‘Please send your adverticement with any 
sive a fair chare of the limited space, we Payment necessary to: Classifieds, 
sill print 30 words free of charge. Maplin Mag. P.O. Box3, Rayleigh Essex 
‘Thateafter the charge is [Op per word. SSBELR 
Please note that only private individuals 
wil be permiined to advertise. Fos the next issue your advertisement 
Comimarcial or trade advertising is must be in our hands by Sr April 1688, 
BRAND NEW COMPONENTS: FOR SALE Garrard 401 transcription deck, 
Potentiometers -28p, 555 timar ICs - 24p. ‘SME 3008 arm, shure cartridge all fited in 


Veroboard - 28p. Lots mate. Order now or 
send SAE for list P &P Tp. Also low cost 
electronic kite with tree repair service 
Ordors to:S. Lord, 6 Stubbing Brink, Hebden 
Bridge, HX7 6LR_ 

‘MUCH SOUGHT AFTER pair of National 
Panasonic NPT0OX speaker cabinets 3-way, 
with grilles, still boxed £35, Tel. (0772) 740001 
or write to P, Aheme, 33 Malthouse way, 
Penwortham, Preston. PRI SHE. 
OSCILLOSCOPE SERVICE MANUALS: 
‘Telequipiment; D-3UR, D-43, D-52, 5-51,5-43, 
S-5IBE, Serviscope Minor, Tektronix 
oscilloscope manuals £05, SISA, 545A, 7403N, 
£8.50 each 5.]. Austin, 8 Greenwood Avenue, 
Chinnor, Oxfordshire, OX3 HN. 

RAY NUCLEONICS GEIGER COUNTER £52. 
Heathlit V-2AU electronic multimeter £25 
Maplin wordmaker computer speech 
synthesiser £25. Cirkit & Elektor logic probes 
S6 each TV sound tuner £8 Tel. (0502) 568025. 
(CLEARING OUT. Heathiet valve voltmeter, 
model 1M-13U, as new, offers. Ocher 
[parts/etc. phone for list. Tel 031.223.0067 
(Edinburgh), 

200 CHANNEL HANDHELD SCANNER 
RECEIVER. PRO-22, five months old, boxed, 
‘excellent condition. Oifers in region of £125.8, 
\L Wright, 7 Weston Rise, Caister-on-Sea. 
Great Yarmouth, Norfolk, NR30 SAT. 

VALVES about 200, all good, most bored. 
some rare types. £40 the lot Tel Lancing 
T3520, 

VIDEO ENHANCER (Ken Multi) used once 
£20. TTL jogic probe £5. CMOS logic probe 











Hitachi B/W 9 inch monitor, video inpat 
‘Tel (0702) 481853 





heavy wooden cabinet £90. M. Saunders, 7 
Drumcliff Road, Thunby Lodge, Leicester. 

2m FM HAND HELD TRANSCEIVER 
(CTI600, as new, never used on Tx, only Fox 
Plus charger £100. Digital multimeter, 
unwanted present, worth over £90, accept £20. 
‘Tel (0702) 4516533, 

EPSON FX-80 printer. Serial and Paraile! 
interface. Linle used. £135. Also 9 inch orange, 
metal case VDU for £25. Call Poter on (0739) 
2800 (evenings), 

WIRE STRIPPERS, 12, with transformer £7. 
Antex I2V soldering tron £5. CECO model H 
te. tron ISOW/240V £10. NiCad battery 
charger £6. Telequipment D34 mains battery 
cscilloscope £500. Miss LR. Mumford. Tel. 
O1-s62.8014 


COMPUTERS FOR SALE 
AMSTRAD PC. 640k RAM, 20MBHD, 8057 
Copros, Colman, printer, Quick Basic V4 
‘Macro Assem §, Cammanplus, Nol Syst 
Analyser, First Ed. Full Tasword 2, Command 
Plus Syst_6 vols Tech Sys details, 6 vols 
‘Suppont details. Offers? Tel 0392-75835, 
SHARP MZ80B computer, twin disk drives, 
| expansion board, Epson FX-80 printer, 
manuals, club books, disks, etc. £70 ovo. 
‘Tel. O1-536-1030, 
AMSTRAD CPC-464 including mouse, stereo 
amplifier and 60+ magazines, books, etc. 
Games inchuie Outrun, Paperboy. Utilities 
include Image system and other music + art 
programs. Worth arcund £450, Sell for £200 
ono. Contact S. Yousaf, 137 The Crescent, 
‘Slough, Berks, SLI 2LF. 











BBC micro. Ideal for srmall projects and 
Wustrated notes. Send SAE for sample and 
information P,B. Helsdon, $2 Burns Crescert, 
Chelmsford, CM2 0TS. 

TEXAS TI-S9/4K computer lS RAM, mancal. 
Programs, games, joysticks, PSU., speach 
‘symthesiser. £25 the lot. Tel (0925) 625425, 
(after 6 pen} 


MUSICAL FOR SALE 

CONN MARTINIQUE MODEL 644. 
Probably the best classical organ available 
today, Immaculate, solid walnut harseshoe 
‘console 61 x61 x25. 47 speaking stops. Leslie. 
Pipes avalable. Could deliver. £2280 0n0 
Tel. (0259) 1Z848 

‘ATX 987 TRANSMITTER: Allows cordless 
performance of electric gutar/keyboard. 
Used with domestic audio equipment. £24 
Sond SAE. for details R. Anderson, 10 
Newbiggin Crescent, Tullibody, Clack, FR1O 
2aRT. 

‘AMPEX 05 inch@ Track now heads Has 
various speeds. Also W & A 16x 16 mixer, 
fully modular, 4 auxiliaries (all switchable), 
band switchable EO. Both machines very 
sturdy, but in need of atention, £300 each Tol. 
(0532) 744319 (Leeds), 





WANTED 
WANTED. Any TY servicing books or 
‘manuals, or anything to do with TV's Good 
price paid. Tel. 0602-215460 (Nottingham). 
WANTED. User instructions for Panasonic 
NV7000 video recorder. Will buy or borrow if 
possible. J. Parish, 2 Coliyers Close, Hurworth, 
Darlington, Co Durham, DL2 26S. Phone 
0325-72080. 
WANTED. Softyare for Dragon 22 and Tandy 
(Computers, Also address cf’Dragon User 
magazine. Write to Kevin Sheppard, 22 
Crayford Road, Aivaston, Derby. 
WANTED. Circuit disgram for Sanyo Betamax 
video recorder VIC 8200. Any help greatly 
appreciated, please write toS. Higgins,3 
Woodside Road, Holly Hall. Dudley, West 
Midlands, DY2 0UA_ 
WANTED. Handbool/circult diagram for 
‘Telequipment S51B Oscilloscope. J. H Coles, 
18 Billord Avenue, Worcester, WEG RJ, Tel. 
(0805) 56818. 
WANTED. Parts for Phillips reel to reel tape 
recorder model N4480. Tel 01-800-7636_ 
‘HAS ANYONE wsed the Maplin Radio Contral 
‘System, like to swap notes and ideas? Or 
general radio conroVelectronics. ML 
‘Saunders, 7 Drumciiff Road. Thumby Ledge, 
Leicester, LES 2u 
WANTED. Early books about radio contral of 
models and model seroplane engines. Pre 
1970. Call Peter on (0730) 68300 (evenings) 
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‘ SSUES A YEAR! 


There are 6 tremendous reasons why you should subscribe to Electronics - The Maplin Magazine 


+ Every issue is sent to you as soonasit’s + Minimum advertising space means 
printed, post free. more pages for you to read. 

* Packed with interesting and novel projects * Still far cheaper than the ‘Monthlies’, 
that you can build with all components most of which are now £1.30 or more 
easily available. perissue. 

** Many features on electronics subjects ** Six times a year means a50% increase in 
to keep you up-to-date with latest articles and projects for you to read 
developments. and build. . 


To subscribe just send a cheque/postal order for £6.00, made payable to Maplin Electronics, to P.O. Box 3, Rayleigh, 

Essex SS6 8LR. OR youcan take advantage of our offer of two free issues by completing the coupon below and agreeing to pay 
by Credit Card or Direct Debit. The two free issues offer only applies if you use one of these two methods of payment. Simply fill 
in the ‘Payment by Credit Card’ or'Payment by Direct Debiting Mandate’ and return it to Maplin. Every time, about 1 month 
before your subscription is due, we will send you a letter giving details of the subscription rate for the next year and telling you the 
date on which we will charge your Credit Card or debit your bank account. If you do not wish to continue your subscription, you 
have until that date to let us know, and we will then cancel your authority to bill your Credit Card or cancel your mandate. 
Otherwise, if you do nothing, your subscription will continue. The authority or mandate you give us does not allow us to charge 
anything other than the Maplin Magazine subscription. The benefit to you is that you no longer need to remember to re-new your 
subscription or send off any more cheques or postal orders. Payment is made automatically. 


TAKE THE NEXT TWO ISSUES OF THIS MAGAZINE FREE!! 


Because we're so certain that once you've seen the Maplin Magazine you'll want to continue to receive it, we're offering to send you the next two issues free of charge 
with absolutely no obligation to continue. Just fillin the details below and if after receiving twoissues you do not wish to continue, just let us know atleast one month 
before the nextissue is due and we will cancel your subscription. The two free issues will be yours to keep whatever you decide. lf you already have a subscription, fill 
inthe details below and we'll add two issues free of charge to your current subscription. SEND NO MONEY NOW. About 2 weeks before the third issue is due, we will 
charge you £6.00 for the next six issues, unless you have cancelled, This offer is not available to those already paying by Direct Debit or Continuous Credit Card or 
those who have stopped payment by either method within the last two years. Please start my subscription with issue 32. 





% PLEASE ADD YOUR ADDRESS, SEE BOTTOM RIGHT * 
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By Chris Barlow 


* Operates from Single +5V Power Supply 
* Meets all RS-232C Specifications 


* Normal or Inverse Logic 


* Two Drivers and Two Receivers 
»* Onboard Voltage Quadrupler 
»* +30V Input Level Protection 

* +9V Output Swing with +5 V Supply 


»* Low Power Consumption 


Introduction 


Notall home microcomputers or 
peripheral devices have serial data signals 
at RS232C logic levels. A method of 
converting +5¥ TTL signals to RS232C 
levels (ar vice versa) is needed and the 
conyerter module does just this. The 
original RS232/TTL converter by Dave 
Goodman appeared in the December 
1983 issue of ‘Electronics —The Maplin 
Magazine’. Itoffered a single RS232 
inpuVoutput which was sufficient for most 
simple modems and data systems. 
However, as the sophistication of these | 
peripheral devices increased the need to 
implement more of the RS232 control 
signals soon became apparent. 





Specification of Prototype 


Power Input: +5V 
Quiescent Current: 5mA 

TTL Input Low: <+2V 
TTLInput High: >+3V 

Max. +5V 

TTL Output Low: ov 

TTL Output High: +5V 
RS232 Input Low: <1.2V 
RS232 Input High: >1.7V 
R5$232 Maximum Input: +30V 








RS232 Maximum Output: 10V Max. 
(Offload) |} 

RS232 Output Resistance: 3000 

R5232 Output 

Short Circuit Current: =10mA 

Maximum Baud Rate: 19,200 Bd 

Propagation Delay: 0.5ps 

Instantaneous Slew Rate: 30V/ps 


Transition Region Slew Rate: 3V/ps 
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The MAX232 Description 


Atthe heart of the unit is the MAX232 
IC whichis a dual RS232 receiver/ 
transmitter that meets all EIA RS-232C 
specifications while using only a +5V 
powersupply. This significantly simplifies 
the system design by removing the need for 
powersupply voltages other than +5V, the 
MAX232 has two onboard charge pump 
voltage converters which generate +10V’ 
and —10V power supplies from the single 
+5 power input, see Figure 1. The 
switching frequency of the converters is 
approximately 15kHz and this signal is 
generated by an internal clock. The first 
converter uses capacitor C3 to double the 
+5V to +10V, storing this voltage on the 
+V output filter capacitor €5, The second. 
charge pump voltage converter uses 
Capacitor C2 to invert the +10V to —10V 
and stores its voltage on the —V output 
filter capacitor C4. A smallamaunt of 
power may be drawn fromthe +10Vand 
—10V outputs to power external circuitry. 
The MAX232 contains fourlevel 
translators. Two of the level translators are 
RS232C transmitters which convert TTL 
CMOS input levels into =10V R5232C 
outputs. The other two level translators are 
RS232 receivers, which convert RS232 
inputs to +5V TIL/GMOS output levels. 

The transmitters have a typical output 
voltage swing of 9V when loaded with 
the nominal 5kQ input resistance of an 
RS232 receiver, The quiput swingis 
guaranteed to meet the RS232/V_28 
Specification of £5V minimum output 









Under the worst case conditions of both 
transmitters driving 3kQ loads, The input 
thresholds are both CMOS and TTL 
compatible, witha logic threshold of about 
25% of the +5V supply. An unused driver 
inputcan be left unconnected, foran 
internal 400kQ pullup resistor holds the 
inputhigh, forcing the transmitter output 
low (—9V). As required by the RS232/and 
V.28 specifications, the slew rateof the 
transmitters are limited to fess than 30V/us, 
limiting the maximum usable baud rate ta 
19,200 baud. 

The receivers convert the £5V to 
£15V RS232 signals into +5V TTLICMOS, 
outputs, Since the RS232C/V.28 
specifications define avoltage level greater 
than +3Vas logic 0, the receivers are of the 
inverting type. The manufacture ofthe chip 
has set the guaranteed input thresholds to 
0.8V minimum and 2.4V maximum, 
which are significantly tighter than the 
—3.0V minimum and +3.0V maximum 
fequired by the RS232C specifications. 
Thisallows the receivers to respond both to 
RS232 and TTL levels, with the inputs 
protected against overvoltage up to +30V_ 
The 0.8¥ lower threshold is important to 
ensure that the receivers will havea logic | 
outputif the receiver is not being driven 
because the equipment containing the line 
driver is turned aif ordisconnected, or if 
the connecting cable has anopen orshort 
circuit. 

The receivers have a hysteresis of 
approximately 0.5V, with aminimum 
guaranteed hysteresis of 200mV. This aids 
in obtaining clean outputtransitions, even 
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Figure 1. MAX232 Pin Configuration 





Switch Function PL1 Pin Off (Normal) — On (Inverse) 
SI TL INR 2 Te 5 Non-Inverting Inverting 
$2 TIL IN2 ‘T2' 6 Non-Inverting Inverting 
$3 TTL OUT1 ‘RI’ 2 Non-Inverting Inverting 
$4 TTL OUT 2 ‘R2' 3 Non-Inverting Inverting 








Table 1. Switch Positions 


with slow rise and fall time inputsignals 
with moderate amounts of noise and 
ringing. The receivers have a propagation 
delay of 350ns fora negative going input 
signal and 650ns for positive going signals. 


The 74HC266 Description 
The +5V power supply de-couplingis 

provided by C7 with two 100nF disc 

ceramic capacitors, C1 and C6 providing 


additional high frequency de-coupling, 
see Figure 2. 

The 74HC266is a quad package 
Exclusive-NOR gate which has open drain 
outpuls, forthis reason resistors R3, 4and 
R8, Dare used as output pullups. Resistors 
RB and RY may be omitted ifopen outputs 
are required on the TTL pins 2 and 3 of PLY. 
The TIL inputs on pins 5 and 6 of PL1 also: 
have pullup resistors fitted, R2 on pin 6and. 





R5 onpin 5. The remaining resistors, R1, 6, 
7 and R10 are used to pullup the second 
input of each gate, in this mode the NOR 
gates act as non-inverting buffers. 
However, if any of the control inputs are 
taken to ground (logic 0) that gate will now 
act as an inverting buffer. Four PCB 
switches have been included in the design 
to make this mode change as simple as 
possible. See Table 1. 


PCB Assembly 


The PCB supplied in the kitisa 
single-sided, fibre glass type, chosen for 
maximum reliability and stability. 
However, removal of a misplaced 
component is quite difficult, so please 
double-check each component type, value 
and its polarity where appropriate, before 
soldering! The PCB has a printed legend to 
assist you in correctly positioning each 
component, see Figure 3. 

Thesequence in which the 
components are fitted isnot critical. 
However, the following instructions will 
be of use in making these tasks as 
straightforward as possible. It is usually 
easjerto start with the smaller 
components. Begin with the resistors R1 to 
R12 saving the component lead off cuts, 
using six of these bend them to fitthe link 
(LK) positions on the PCB. 

Nextinstall the PCB switch unit S1 to 
$4 ensuring that all four switches are in the 
OFF position. When fitting the IC sockets, 
make certain that you fit the appropriate 
holderin each position, matching the 
notch with the block on the legend. 

The polarity for the electrolytic 
capacitors isshown by a plus sign (+) 
matching that on the PCB legend. On some 
capacitors the polarity is designated by a 
negative symbol (—) in which case the lead. 
nearest this symbol goes away from the 
positive sign on the legend. The two disc 
ceramic capacitors, Cl and C6 are non- 
polarised so can be installed either way 
round, 

When fitting the ‘Miniconconnectors 
ensure that the locking tags are facing 
inwards. Finally, install (C1 and 1C2 
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making certain that all the pins go into their 
sackets and the pin one markeris at the 
notched end. 

This completes the assembly of the 
PCB and you should now check your work 
very carefully making sure that all the 
solder joints are sound. Itis also very 
important that the solder side of the circuit 
board does not have any trimmed 
component leads standing proud by more 
than 3mm, as this may result ina short 
Circuit. Further information on soldering 
and assembly techniques can be found in 
the ‘Constructors Guide’ included in the 
kit. 





MAPLIN cosas = 
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Testing : 

All the tests can be made with a 
minimum of equipment. You will needa 
digital, oranalogue multimeter and a 
regulated +5V power supply capable of 
suppling up to 100mA. 

The first test is to measure the 
resistance on the power input pin of PL1. 
With the meter leads either way round on 
pins 1 and 8, a reading of greater than 
5002 should be present. 

Next, select a suitable range on your 
meter that will accommodate a 100mA DC 
current reading and place it in the positive 
power line (pin 1 of PL1). Connect your 
+5V power supply and switch on, a 
current reading of approximately 5mA 
should be observed. 

Now set your multimeter to read DC 
volts. All voltages are measured with 
respect to ground and should not exceed 
£10V. When the unit is powered up the Figure 3. PCB Layout 
voltages present on the ‘Minicon’ pins of 
PL1 and PL2 should match the pattern 








shown in Table 2. Pin 
No, 
our DTR 20 
Wiring dl DSRS 23 
‘The RS232 standard states that “The iets Ground 7 | RS282C 
use of short cables (each less than and and 
approximately 50 feet or 15 metres) is Outputs 2 | Outputs 


5 
4 


recommended; however, longer cables 
are permissible, provided that the load 
capacitance does not exceed 2500pF”. 
Baud rate and cable length can be traded 
off, high baud rates can be used on short | RS232C/TTL Converter Module 
cable runs while on longer cables a lower 
baud rate will maintain ainegligible bit 
error. The maximum cable length fora 
given baud rate is determined by several 
factors, including the capacitance per 
metre of the cable, the slew rate of the 
driver under high capacitive loading, the 
receiver threshold and hysteresis. 

Atypical set up using a single module 
is given in Figure 4, this will provide the 
necessary data and control signals for most 
applications. If more control lines are 
required, then a second module may be 
added, see Figure 5. The abbreviations 
used areas follows: | 














Figure 4. Single Module Wiring 








TD = Transmit Data 








DTR = Data Terminal Ready —— 
DSRS = Data Signal Rate Select View on the PCB. 
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TTLPLI $3-4 ON/OFF | $3-4 OFF 
PL2 PL2 
PIN FUNCTION S38 | S328 LINK PIN|LINK PIN 
4T07 | 4TO9 
1 POWER INPUT +5V 
2 OUTPUTI ‘RI’ ov | +5v | ov | +5v 
3 OUTPUT 2‘R2’ ov +5V +5V OV 
4 GROUND ov 
5 INPUT1‘T1’ +5V 
6 INPUT2‘T2’ +5V 
7 GROUND ov 
8 GROUND ov 
RS232C PL2 $1-2 ON/OFF S1-2 OFF 
St Mero: [Peta keer 
PIN FUNCTION LINK PIN|LINK PIN’ | Figure 5. Dual inh 
OW | ore [UNERINILNE PI igure 5. Dual Module Wiring 
POWER o 
I INPUTIOUTPUT aM 
2 DIR +10V 
3 DSRS +10V 
VOLTAGE DOUBLER 
4 OUTPUT IOV 
5 GROUND ov 
6 OuTPUTITI’ | +10v | -10v | +10v | -10v 
7 INPUT1 ‘RI’ ov 
8 GROUND ov 
9 INPUT2‘R2’ ov 
10 OUTPUT2‘T2’ | +10v | -10v | -10v | +10V 
11 GROUND ov 
VOLTAGE INVERTER 
12 output =1DV" 
* Table 2. Pin Functions 
| RS232/TTL CONVERTER 
PARTS LIST 
eee HONG 1% Metal Film ; fain 
R10 r 0 
RIL13 kT ; 2 (MiaK7), 
“CAPACITORS: OPTIONAL 
ee) 2OOnF Minidisc (YR76S), 7), 2 inpesscien Spacer M3) 
€23,4,5,7 22uF 16V P.C. Electrolytic 8 (FF06G) Isobolt M3 x 6mm 
i i ‘Tsoshake M3 
Ic] 1 juB7IN) 
Ica 1 (FD92A) — 
fesse - Acomplete kit of all parts, excluding Optional items, is available: 
MISC! Order As LM75S (RS232/TTL Conv Mk2 Kit) Price £12.95 
$1,234 1 The following item is also available separately, 
PL 1 but is not shown in our 1989 catalogue: i 
PLE 3 1 RS232/TTL Converter PCB Order As GD93B Price £2.50 
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Exploring 


by Graham Dixey C. Eng., M.I.E.R.E. Part 7 


Introduction and 
Circuit Description 


The ‘reflex’ receiver is a clever way 
of apparently getting something for 
nothing! What the reflex action actually 
achieves is to make one of the stages of 
the receiver perform two separate 
functions in sequence. In the case of a 
three-stage receiver, as in this 
particular design, it behaves as if it 
actually had FOUR stages. A quick 
glance at the circuit diagram of Figure 1 
will identify quite readily the three 
conventional stages of a TRF or 
‘straight’ receiver. The first stage built 
around TR1 is quite clearly an r-f. stage, 
since its input is inductively coupled to 
a tuned circuit which is, in fact, a ferrite 


rod aerial. The second stage, TR2, is 
obviously an audio driver supplying a 
signal to the bases of the output 
transistors, TR3 and TR4, in the final, 
audio power output, stage. Which 
stage, then, is providing the reflex 
action, and how? 
} The answer is, the first stage, and it 
can be understood by considering the 
functions of the components that 
comprise that stage. 

For a start, the base bias for TR1 is 
provided, in the normal way, by the 
resistive potential divider, R1 and R2, 
the d.c. path to the base of the transistor 
being from the junction of R1 and R2 
through the negligible resistance of L2 
Resistor R3, bypassed by C4, is also part 
of the bias arrangement, again quite 





| 


conventional, But what of capacitor C3 
and diode D1, and which component in 
the circuit forms the collector load; is it 
L3 or RV1? The clever answer is, that it 
is both! This is where the reflex action 
arises. 

The modulated AM signal, coupled 
into the base of TR1 by L2 after being 
tuned in by L1 and VC1, is amplified by 
‘TRI, the amplified signal being 
developed across the r.f. choke L3 
(which has a high reactance at radio 
frequencies); none of this signal is 
developed across RV1 since the latter is 
bypassed by C5 (low reactance at radio 
frequencies). The amplified r.f. signal is 
now passed through the low reactance 
{at radio frequencies) of C3 to the diode 
D1 which acts as a diode detector. The 
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Figure 1. Circuit of the receiver. 
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combination R1 and C2 form the time 
constant for the diode detector so that 
the recovered audio signal now appears 
across C2, the latter having a fairly high 
reactance at audio frequencies. Since all 
of this is taking place in the input 
circuit of TR1, the latter now acts as an 
amplifier again, but this time for the 
audio signal. This second time round 
(so to speak), the collector load is RV1. 
This is because L3 has a low reactance 
at audio frequencies while C5 has a 
high reactance - the very opposite of the 
case when we were considering the r.f. 
signal. 

The potentiometer RV1 is, of 
course, the volume control so that any 
desired proportion of the audio signal 
can be tapped off and fed to the audio 
stages. RV1 is decoupled by C5, the 
latter forming a high-pass filter with 
R4, to remove any residual radio 
frequency voltage. 

The above description shows that 
TR1 is operating both as a radio- 
frequency amplifier and as an audio- 
frequency amplifier, the actual function 
of the stage relative to the signal being 
automatically determined by the 
frequency-conscious nature of some of 
the components, notably L3, C3 and C5. 
The audio output voltage from this 
stage is more than capable of driving 
the output stage to full output in areas 
of good reception. 

From the volume control onwards 
the circuit is fairly conventional. 
Capacitor C6 couples the audio to the 
base of the driver TR2. Bias for this 
stage (with d.c. and a.c. negative 
feedback) is provided by R5 and R6. 
The preset RV2 is used to set the 
standing current in the output stage 
(described later). The power output 
capability is not very great but is more 
than adequate for a small personal 
receiver and, in areas of good signal 
strength, will certainly require the 
volume control to be turned down! 
Because of the relatively high output 
impedance of the complementary 
output pair, TR3 and TR4, a 64 ohm 
miniature speaker is used. 


Construction of the 


Receiver 

The availability of a custom PCB 
makes this a straightforward project 
and one that a beginner can tackle with 
complete confidence, given some 
previous experience in clean and neat 
soldering and the ability to identify the 
various components correctly. While 
there is no actual kit of parts, all 
components required are available from 
Maplin and most are fairly non-critical 
anyway. For example, while the first 
stage, TRI, is specified with a BC107, 
there is no reason why a BC109 should 
not be used instead; in fact the extra 
gain may be useful in lower signal 
strength situations. 

One component that can be 
difficult to find these days is the r.f. 
choke. However, a Maplin component 
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(in fact a miniature 4.7mH r-f.c.) is 
available - see Parts List. One minor 
word of caution if ordering this 
component; it looks just like a slightly 
tubby 4.7k 5% resistor - including all 
the colour bands of the latter 
component! So, if after identifying all 
other parts, that is what appears to be 
left, then that is your choke! I mention 
this because traditionally the wave- 
wound type of choke identifies itself 
quite readily whereas the appearance of 
this particular component, if taken out 
of context, is actually somewhat 
misleading. 
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Figure 2, Extending the shaft of VC1. 


The tuning capacitor VC1 will have 
to have its shaft extended in order to 
take a normal tuning knob. The way in 
which this is done is shown in Figure 2, 
the required parts being as specified. 
Grip the shaft of the capacitor with 
pliers while carefully tightening the 
screw and DO NOT use an over-length 
screw for this or the capacitor may be 
damaged. If there seems to be 
insufficient thread to secure the spacer, 
file a millimetre or so from the length of 
the spacer but do not overdo it. 

There should be no real problems 
with the PCB construction if normal 
care is taken. The fully assembled PCB 
is shown in Photograph 1. 





The Ferrite Rod Aerial 


The main winding, L1, consists of 
about 55 turns, close-wound, that is 
adjacent turns touching. In this design I 
have specified a heavy gauge of 
enamelled copper wire, as this is 
self-supporting and does not need any 
adhesive tape to hold it in place. 
However, it can be wound, with 
equally good results, using ordinary 
PVC insulated stranded equipment 
wire, using pieces of insulating tape to 
secure the ends. A few turns, say three, 
wound around the first winding, at the 
‘earthy’ end, forms the coupling coil L2. 
This can also be secured with insulated 
tape. In my own design, shown in 
Photograph 2, the coupling coil is 
secured by twisting up its lead-out 
wires and sliding a short length of PVC 
sleeving over them. If the main 
winding ts wound with the heavy 
gauge of enamelled copper wire 
specified, it is better to make the 
connections to it by cutting and 
scraping the ends clean and soldering 
on short lengths of flexible wire, rather 
than trying to solder the rather stiff 
wire directly to the PCB pins. 


Setting Up and Testing 
Assuming that the PCB is fully 
assembled (and checked carefully for 
dry joints, shorted tracks, etc.), and the 
connections to the aerial, speaker and 
battery have been made, the moment of 
truth has finally arrived! Before 
switching on, the preset RV2 should be 
rotated to the fully anti-clockwise 
position. A milliammeter, on the 
100mA range, should be connected in 
series with the positive supply lead, 
With the power now switched on, but 
the volume control at minimum, this 
meter will probably indicate a small 





Photo 1. The fully assembled PCB for the reflex receiver. 




















Photo 2. The ferrite rod aerial for the receiver. Note the neat appearance obtained by winding L1 with heavy gauge E.C. wire. L2 consists of three 
turns of flexible equipment wire held securely with a piece of Sleeving. Flexible wires are used for lead-outs for L1. 
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Figure 3. PCB track and legend. 

















Photo 3. The fully assembled TRF reflex receiver. Continued on page 63. 
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The squarial receiving BSB and a Grundig 60cm offset parabolic dish 


receiving Astra, 
Pictures From Space 


One of the biggest revolutions in 
broadcasting has just hit the UK, 
Satellite TV. Although the reception of 
satellite TV pictures is not new, it has, 
Up to now been out of reach of a lot of 
people. The previous generation of 
satelites were equipped with low 
Power transmitters (20W) and could 
only be received using large (1 to 1.6 
metre) dishes, the cost of the equip- 
ment was in the order £1,000 plus, for 
@ remotely steerable system (the 
steering system allows the dish to be 
re-aligned to a different satellite). With 
the newer generation of satellites, 
equipped with higher power transmit- 
ters, reception will be possible using 
much smaller dishes (85 to 80cm) or 
even using the flat 25cm ‘Squarial 
publicised by BSB. The competitors in 
the UK market, Astra and BSB are 
each fighting to win support of the 
public. At Maplin, we shall keep you up 
to date with news of developments and 


give unbiased information on technical 
superiorities or shortcomings. A re- 
cently released report by ‘Logica’ 
entitled “Satellite Television Receivers 
— The European Market’, reveals that 
the predicted (cumulative) sales of 
individual satelite receiver systems in 
the UK, will be between 80,000 to 
170,000 systems by the end of 1989 
and 6 to 8.5 million by the end of 1996, 
The report suggests that Satellite 
Television Receivers (STA's), will be 
priced at £250 for PAL receivers, rising 
to £300 with the introduction of 
PALCRYPT encoded transmissions. 
This price should drop to around £130 
by mid 1992. ASTRA will be transmit- 
ting in the PAL format, whilst BSB will 
use D-MAC. To enable subscription 
fees to be levied, transmissions may 
be encoded, there are three encryption 
standards; PALCRYPT, EUROCY- 
PHER and EUROCAYPT, these en- 
coding systems would be used to 
prevent unauthorised reception of 
broadcasts. 





Dotty Displays 


Panasonic announce the state of the 
art in information display modules. The 
16 x 16 dot matrix modules have been 
designed using the very latest ASIC 
chip technology driver circuits. They 
are constructed using surface mount 
technology and contain fewer compo- 
nents So as to be more compact and 
price competitive than conventional 





boards, The modules are available in 
3, 5 and 8mm LED dot sizes, The 
Panasonic dot matrix displays are 
capable of running at video speeds 
{20MHz) and are available in mono 
and tricolour combinations for custo- 
mised applications. The displays can 
be used to show text and graphics, and 
potential markets include display 
panels in shopping arcades, sports 
arenas, production lines and airports or 
stations. 
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State of the Art Information Display Modules. 
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UK Frequency 
Allocation Chart 


‘The radio frequency bands allocated to 
amateur, commercial and industrial 
users in the UK can be seen at a 
glance on a colour coded bar chart 
prepared by the DTI's Radio Com- 
munications Division and published by 
HMSO. Frequencies from 1kH2 to 
60GHz are covered by the chart, which 
is divided into primary and secondary 
users, The main users shown are 
broadcasting, fixed services, mobile, 
amateur, meteorological, radio loca- 
tion, navigation, astronomy, space, 
and various maritime, aeronautical and 
satellite bands. The ‘United Kingdom 
Radio Frequency Allocations Chart’ is 
Published by HMSO, ISBN 0 11 
514637 7, price £2.50. Enquiries; Tel. 
01 215 4751. 


camera and monitor. Eltime believes 
that the system has great potential in 
medical operations, perhaps transmit- 
ting X-Ray plates, for research pur- 
poses and to assist maintenance and 
‘security procedures. 

Meanwhile, the much heralded 
videophone — a method of capturing 
still Images which can then be transmit- 
ted by the public telephone network to 
a remote destination. Several systems 
have been submitted for PTT approval, 
including the Panasonic WG-R2 visual 
telecommnications unit, which is ex- 
pected to be marketed at about £200. 
However, the respective marketing 
teams could face the same initial 
problems faced by Bell. How do you 
make the first sale when no one alse 
has the facility? 

‘Electronics’ suggestion: market twin 
systems in the same package. 





More On HDTV 


‘As we reported in the last issue of 
‘News Report, the US is getting 
alarmed about the possible lead being 
established in high definition television 
(HDTV) by Europe and Japan. No less 
than sixteen leading US firms, includ 
ing IBM, DEC and Apple have got 
together to draw up a business 
development plan. The companies 
involved are hoping that they will be 
awarded a broadcast channel service 
contract which can be licensed to 
major user companies. 





Quantum Leap For Ti 


Having highlighted the Texas Instru- 
ments introduction of the world’s 
fastest programmable logic device in 
‘our last issue, TI is now claiming a 
world first in Quantum Tunnelling 
Transistors in Gallium Arsenide. This is 
not a method of speeding up the 
‘construction of the Channel Tunnel, but 
@ quantum leap in transistor technolo- 
gy. With critical dimensions 100 times 
‘smaller than conventional transistors, 
the device operates on fundamentally 
different principles, known as quantum 
mechanical effects, which dominate 
the behaviour of matter and energy at 
dimensions of 0.02 micron (20 bil- 
lionths of a metre) and below. Still at 
present a laboratory development, 
future chips incorporating quantum 
effect transistors might contain 100 
times more functions in the same 
space and consume far less power 
than today’s devices. One day, says TI 
we might see a laptop supercomputer 
that runs on flashlight batteries! 


IBM Breaks The Chip 
Speed Record 


More world speed records have been 
broken by IBM, who have developed 
Complimentary Metal Oxide Semicon- 
ductor (CMOS) circuits with parts that 
are 300 times thinner than a human 
hair — only one quater of a micron wide. 
A micron incidentally is one millionth of 
a metre. The transistors used in the 
IBM circuits can switch on and off 
some 30 billion times a second. As a 
result, logic chips in the 90's could 
have about 1 million logic circuits 
compared to 100,000 today. In compu- 
ter memory terms, such small dimen- 
sion quarter micron transistors will 
make possible CMOS memory chips 
with a capacity of 256 million bits of 
information, 


Getting The Picture 


A method of sending frozen TV 
pictures by facsimile has now been 
developed by Eltime Vision Systems. 
‘The system interfaces video, fax and 
computing technologies. The’ Videofax 
which has been tested on such 
equipment as IBM, Cannon, Amstrad 
and Olivetti PCs, makes use of a video 





Global Network 

Progress, it seems, is being made in 
establishing a single international 
video communications standard — but 
don't hold your breath yet. According to 
GPT Video Systems, the aim is to 


|, enable the user to interconnect his 


video equipment with anything from a 
videophone to a large scale video- 
conierence system. So far creating the 
standards has involved over 100 
man-years of research since 1983. The 
new recommendations are due to be 
approved by the CCITT in 1990, but it 
is unlikely, says GPT, that any pro- 
ducts will emerge into the market place 
betore 1991 at the earliest. High Tech 
does not always mean Fast Tech it 
seems. 


Getting The Right 
Number 


That extra digit to be added to London 
telephone numbers, which we revealed 
in the last issue, looks like being 070 or 
081. A decision apparently has to be 
made soon if London is not to run out of 
phone numbers. Meanwhile, more 
changes are on the way if the Brussels 
Bureacrats have their way. The plan is 
to standardise emergency telephone 
numbers throughout Europe. The days 
of 999 could be numbered. But on a 
more practical note, did you know that 
BT operates a special ‘midnight line 
service’ which allows {ree calls within 
the UK. The snag? The quarterly rental 
is £200. > 


Box Clever 


Vanderhoff Buisness Systems has now 
introduced a Smart Box which will 
allow mult line users to switch from BT 
to Mercury for tong distance and 
international calls. Operating savings 
of between 10 and 15% can be 
achieved. The cost of the Smart Box is 
£200 and there is an annual subscrip- 
tion of £8. The price sets this unit aside 
for medium to heavy users of long 
distance communications. 





Sign In Please” 


ROGC Patern Recognition has “pro- 
duced a technology which accurately 
differentiates between true and false 
signatures. For all practical purposes, 
signatures can now be electronically 
verified for personal identification and 
authentication. The system works by 
deriving a numerical code from a 
minimum of six sample signatures. The 
numerical code is then either printed 
alongside the signature box on a 
cheque or encoded in the magnetic 
strip on a plastic credit or identification 
card. The company ciaims that the 
system is around 95% accurate in 
dealing with forgeries where the forger 
has not seen the true signature. 





There must be something perverse 
about an industry which insists on sticking 
unintelligible labels on to new levels of 
technology. Such is very much the case with 
VAD, which even when translated probably 
leaves much to be desired. VAD's, or Value 
Added Data Networks have been defined by 
no less an authority than Michael Naughton, 
who heads the consultancy Applied Network 
Research, as being the adding of extra value 
to the national telephone service. 

Never slow to hedge their bets British 
Telecom presents two definitions. “A VAD 
adds value to raw data” and the even less 
wholesome “The manipulation of 
information”. However BT obviously spent 
some additional time thinking the matter 
through - or hired a new copy writer - and 
came up with a fully comprehensive 
definition, “A VAD isa telecom service which 
can be said to add value if it offers the user 
something beyond the point-to-point 
transmission and switching of voice or data”. 
Therefore, both BT's Prestel viewdata service 
and Telecom Gold electronic mailboxes are 
VAD's because they interconnect computers 
via the telephone network and supply a range 
of information, banking, shipping and 
electronic mail services. 

Confusion however does not rest solely 
with British Telecom. It took the Department 
of Trade & Industry several years to come up 
with the term VANS (Value Added Network 
Services). They then discovered they had got 
the name wrong and it was back to the 
terminology drawing board before emerging 
with VAD's - a name many network industry 
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commentators believe manages to combine 

| animage of a floor cleaner or some 

| contagious disease. 

| VAD's as BT confirm, emerged almost 

| asa by-product of the Information 
Revolution. It was, it seems, a case of a close 
encounter of the computing and 
telecommunication kind. Not that BT is 
complaining. There are already more Telecom 
Gold mailboxes registered in the UK than 
there are telex subscribers. This is perhaps 
only to be expected as telex are normally 
limited to just a few per organisation while 
mailboxes could be distributed to many. 
users. The DHSS alone claim to have some 
5000 Gold mailboxes. 


Itwas BT who launched what is 
generally regarded as the world’s first Value 
Added Network, PRESTEL in 1979. This 
provided access to an information service by 











means of the public telephone network, a 1V. 
set and a home computer. But it soon became 
Clear that BT had chosen the wrong target, 
and before long, the marketing thrust was 
Moved from the home user to that of the 
business user 

VAD's have a particularly short history 
arriving a year after PRESTEL had been 
introduced. The DTI issued its first VAD 
licenses in October 1982 and early operators 
included AGB Cable & Viewdata. the SWIFT 
banking network, the airline SITA system and 
Midland Bank's Travinex travel service as well 
as, of course. BT's viewdata service. 
Computer bureaux selling computer time can 
also be counted as early VAD suppliers. Many 
such bureaux make use of Packet Switch 
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selecom Gold: 


Stream networks in order to provide fast and 
easy access to a central computer or to act as 
an interface to. a more remote computer 
installation. 

It was generally agreed that the format of 
the original licence was over rigid, attempting 
to embrace everything from system 
interfacing to network support and 
management. As a result the DTI, prompted 
fo doubt by governments liberalisation 
policies, relaxed the rules as a means of 
encouraging the growth of VAD's. 

In particular, the new rules attempted to 
define the role of the telephone network 
carrier —at present limited to British Telecom, 
Mercury Communications and the 
independent Hull (now Kingston) Telecoms, 
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“plus the Cellnet and Vodafone cellular radio 
networks. The DTI also defined the role of the 


non-carrier network suppliers, such as IBM 
and ICL (part of STC) together with the 
increasing number of specialist groups 
providing financial information services. At 
the same time the government announced 
that no further carrier licences, domestic or 
international, would be issued before 1990. 

In the US however, free networking 
competition flourishes. The privately owned 
telephone companies have long been 
permitted to lease lines for the transmission 
of computer data to anyone who is prepared 
to pay for the facility. In many cases, those 
cased lines were then used to provide 
specific services to users which were not 
available from the main telephone service 
suppliers. 

UK regulations are expected to move 
towards the US system at which time it will 
become possible for users to rent, lease or 








resell telephone lines from carriers. At this 
point, telecom networks may not need to add 
value to the services being made available. 
Looking even further ahead, total 
deregulation could be on the UK cards. 

As a result of this encouragement, UK 
network service revenues are expected to 
grow by a factor of 15% per month to over 
£1000m by 1991. One year later when the 
European trading barriers are due to be 


\lowered, VAD operations are forecast to 


escalate. With several European countries 
‘Moving towards partial deregulation of their 
telecom monopolies, VAD's are set to 
become a major feature of European telecoms 
operations. 


Although the government has signed 
agreements between the UK, the US and 
Japan which allows private operators to 
compete with public international,carriers for 
the provision of VAD’s using private leased 
lines, many industry observers fear that 
dapan could dominate world markets if given 
half a chance. Already the Japanese VAD 
market is by far the fastest growing sector in 
Japan, but such UK operators as ISTEL, who 
are providing Electronic Data Interchange (a 
service which supposedly eliminates much of 
the current company paperchase mountains) 
between car plants in the UK and Japan, and 
INS Tradanet who are providing international 
links into the US and Japan, are capturing 
some of the VAD action. 

According to British Telecom, the 
potential variety of VAD operations and 






services is limited only by human 
imagination. With VAD operations benefiting 
.. from the steady introduction by national and 
international carriers of ISDN (Integrated 
Service L Digital Networks) services such as 
ectronioFund Transfer and Point of Sale can 
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The Players 


Not so much a major player but more fis ; 


captain of the team, BT who through its 
Dialcom Group operation, have pin-pointed 
three major user areas: EDI, Electronic 
Messaging and on-line information 
databases. A somewhat wider view is taken 
by IBM who could well qualify as the team 
vice captain. The IBM Managed Network 
Services embrace a host of VAD operations 
including links to the Cellnet and Vodafone 
cellular networks. 

Digital Equipment, also jockeying for a 
top player role, are hoping to dominate the 
VAD financial operations arena. A further keen 
player is Midland Bank whose FASTRAK VAD 
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For us end users, the most visible sian 
of VAD operations are such network activities 
as credit eard authorisation systems and 
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travel reservation procedures. But before 
long, we can expect to see developments 
which enable the linking of PC's to a VAD 
network, not just for PRESTEL but access to 
corporate databases, plus electronic mail 
links to telex and facsimile. 

But it is not all good news for the VAD 
movement. The Federation of Microsystems 
Centres who have upwards of twenty local 
business centres, have moved out of BT Gold 
into BT facsimile. With fax equipment costs 
falling, the Group are finding it more cost 
effective to zapp messages around their 
centre network by fax rather than electronic 
mailboxes. 


service aims to provide their subsidiary 
Thomas Cook with some 4000 travel outiets 
over the next few years in addition to 
supplying such financial services as home 
banking. 










FASTRAK in effect piggy-backs on the 
banks’ own extensive nationwide network 
using spare capacity. Let’s hope that this 
‘spare capacity doesn't become stretched and 
priorities have to be given to the bank over 
VAD operations. Otherwise we could find 
Ourselves having to wait longer at the local 
travel agency to confirm our bookings. 
Further members of the players team include 





ew i ira technologies is 
Some reference to 
d The : EU jropean Commission is keen 
scan standards agreed and the 
n.of 2 full scale information service 
market. The chosen standard is OS! (Open 
System Interconnection) with the IBM 
” proprietary standard SNA (Systems Network 


















CLM MMMM MMMM ALLL 






















MAPLIN’S TOP Do you Enjoy your work? 
TWENTY KITS Or would you prefer to 
jov? 
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Healy ” Baia fee oe Mabaie If you are an electronics enthusiast and looking for an 
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We offer excellent working conditions and job security, plus a 
good salary with commission and a realistic pension scheme. 
Apply in writing enclosing CV to: David Snoad, P.O. Box 3, 
Rayleigh, Essex. Or for further information, ring 0702 
554155. 


If you are seeking an interesting career in a Hi-Tech 
environment then contact us. 


NOW! 


Over 150 other kits also available. All kits supplied with instructions. 
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Part 7 by Graham Dixey C.Eng., M.I.E.R.E.. 


Introduction 


The previous article in this series 
dealt with the basic principles of the 
operational amplifier and discussed some 
of its basic ‘configurations’. In this article 
we shall look at a small but useful, as well 
as interesting, selection from the wide 
range of applications that it can be used 
for. 


Asa Pulse Generator 


It is possible to make the Op-amp 
generate square waves using just four 
extra components, three resistors and one 
capacitor. This type of circuit is a form of 
‘relaxation oscillator’ known more com- 
monly as an ‘astable multivibrator’. Its 
circuit is shown in Figure 1. Rl and Cl 
form a RC time constant that determines 
the frequency of oscillation. The pair of 
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Figure 1, Astable multivibrator. 


resistors R2 and R3 form a potential 
divider across the output, so that whatever 
the potential (and polarity) of the output 
voltage at any instant, the voltage fed back 
to the non-inverting input will be a given 
fraction of it; for example, if R2 was 9k and 
R3 was 1k, then 1/10 of the output voltage 
would be applied to the non-inverting 
input. With this type of circuit the output 
voltage is always either near to the 
positive supply voltage value (known as 
positive saturation) or the negative supply 
voltage (known as negative saturation). At 
the same time, the voltage on the inverting 
input will always be varying, since it is 
some point on the curve of voltage/time as 
the capacitor is charging either towards 
the positive supply voltage or towards the 
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negative supply voltage. Thus the circuit 
operates as follows. 

Suppose that the capacitor is at this 
moment uncharged and that the output is 
in positive saturation (i.e. close to the 
positive supply voltage, V,). The voltage at 
the inverting input is OV while that at the 
non-inverting input is a positive voltage 
whose magnitude is determined by the 
values of R2 and R3; suppose that these are 
9k and 1k as suggested just now. Suppose 
also that the output voltage is + 14V. Then 
the voltage at the non-inverting input will 
be ‘one tenth of this value’, i.e. + 1.4V. The 
fact that this voltage is positive and that the 
Pphase-shift from this input to the output is 
zero degrees means that the output is 
stable until something happens to upset 
the situation. 

This ‘something’ occurs when the 
rising voltage at the inverting input 
reaches 1,4V also, At this point the two 
inputs are equal and, in theory anyway, 
the output falls to zero volts. What 
happens in practice is that, as the 
capacitor voltage just exceeds +14V 
(even by a fraction of a millivolt), the 
output switches from positive to negative 
saturation. This is because the voltage at 
the inverting input is now ‘more positive’ 
than that at the non-inverting input and, 
since there is a 180 degree phase-shift 
between this input and the output, the 
voltage at the latter reverses in polarity. 
This reversal of output polarity means that 
the voltage fed back to the non-inverting 
input will now be —1.4V. The capacitor 
voltage, which was previously an increas- 








ing positive one, will now reverse in 
direction, ‘aiming towards’ the negative 
supply voltage. It is not too difficult to 
predict what will happen when it reaches 
—1.4V! The circuit will switch over again. 
These cycles repeat indefinitely, causing 
@ continuous square-wave to be gener- 
ated, 

The frequency of the square-wave 
can be calculated from the fact that the 
time between switching instants (the time 
of half a cycle), known as t,, is equal to 
RLCl.n[] + (2R3/R2)]. The frequency is 
equal to 1/2t,. R1.Cl is the product of the 
timing components; In stands for the 
natural logarithm (base e). 

For example, ifR1 = R2 = 100k, R3 = 
22k and Cl = 100nF, the calculated result 
gives a frequency of 137Hz. Try it and 
check this calculation. Then, using either 
these values or your own, compare the 
calculated and measured values obtained 
by hooking up the circuit and proving that 
it really does work. Using a CRO, look at 
the waveforms at both inputs and at the 
output, It is useful to use the dic. input 
facility on the CRO and to sketch the 
waveforms to actual voltage and time 
scales. The waveforms at the two inputs 
should be compared with each other and 
with the value of fed-back voltage 
calculated from the values of R2, R3 and 
the magnitude of the output voltage. 

Figure 2 shows this circuit adapted to 
produce a 1Hz TTL compatible square- 
wave. The frequency is determined by the 
circuit constants as before. The output 
amplitude can be set to the required value 
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Figure 2. TTL 1Hz pulse generator. 
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by adjustment of RVI. The diode D1 
prevents large negative excursions at the 
base of the emitter follower. 


As a Meonostable 
Multivibrator 


A monostable circuit, as the name 
implies, has one stable state only; this is 
the one in which it normally rests. It has to 
be triggered to go into the other state, 
known as the ‘quasi-stable’ state. It 
remains in this latter state for a period of 
time determined by the time constant 
provided by aRC combination. A circuit to 
perform this function is shown in Figure 3. 
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Figure 3. Monostable multivibrator. 


For a monostable to remain in its 
stable state, some bias must be provided. 
In the figure this bias is obtained by taking 
the inverting input to a negative potential 
whose value is determined by the 
potential divider R1 and R3, For the values 
shown this voltage is about —1.4V. This 
means that the output of the Op-amp is 
normally held in positive saturation 
(because of the 180 degrees phase-shift). 
To trigger it, either a positive pulse or a 
square-wave (which will be differentiated 
by R3 and Cl) has to be applied. When it 
is, the output switches to negative 
saturation, immediately coupling back a 
large negative voltage to the non-inverting 
input, via C2, the effect of which is to hold 
the circuit in the new state. However, since 
this large negative voltage also exists 
across R2, a current will now. flow in the 
latter so that C2 will charge up, its 
left-hand plate rising exponentially to- 
wards OV. When it reaches the same value 
of negative voltage as exists at the 
inverting input (—1.4V), the output switch- 
es back to positive saturation; in other 
words the circuit returns to the stable 
state. 

The time constant of C2 and R2 
determines the length of the quasi-stable 
time and there is a linear relation between 
time and these quantities. The time taken 
for the circuit to recover after triggering 
must depend upon the bias applied by R1 
and R3 as well, so that instead of quoting a 
formula for quasi-stable time, a graph 
(Figure 4) is given, that shows how, for the 
circuit of Figure 3, the correct value of 
capacitor can be chosen for time periods 
up to 50ms. The circuit can be tried out 
with a number of different values of C2 to 
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verify the truth of this graph. Also other 
values of R2 can be tried, e.g, 100k, 470k, 
to obtain longer time intervals. 
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Figure 4. Graphical relation between C2 
(im Figure 3) and output pulse duration of 
monostable circuit. 


What is the effect of re-triggering the 
circuit before it has recovered? If the 
explanation has been properly under- 
stood, the answer should be obvious. 
Practice will, of course, prove the truth, 
one way or the other. 


As a Generator of 
Sinewaves 


An amplifier together with a suitable 
feedback circuit can be used to generate 
sinewaves. Of those possible, the twin-tee 
and Wien networks are of particular 
interest. Figure 5 shows an Op-amp 
combined with a twin-tee network to 





generate audio-frequency sinewaves. 


around the loop and this circuit meets that 
requirement. The Op-amp (using the 
inverting input) provides 180 degrees, the 
twin-tee network, at the selected frequen- 
cy, provides the other 180 degrees. There 
isa loss in the network, of course, as there 
always is in any oscillator but this is 
compensated for by the amplifier gain. 
The frequency at which this happens is 
given by: 


f= V/2aRC) 


To ensure that the generated sine- 
wave does not contain too much distortion 
some means must be employed to prevent 
the circuit from oscillating too hard. In this 
circuit two methods are used. The preset 
2k5 resistor (part of R/2) ‘detunes' the filter 
slightly and should be adjusted for the 
best waveform. Also a portion of the 
output, picked off by RV1 and R3 and 
applied to the inverting input by diode D1, 
is used to help stabilise the output 
amplitude. RV1 should also be adjusted 
for optimum quality of output. The output 
obtainable with the circuit shown is about 
8.5V peak-to-peak. 

This type of oscillator is useful where 
there is a need for just one, or perhaps a 
few spot frequencies. Varying the fre- 
quency continuously is awkward because 
it means varying three quantities simul- 
taneously, e.g, the resistors R and R/2. The 
values given for the filter components in 
Figure 5 give an operating frequency of 
approximately 400Hz. An alternative oscil- 
lator that can be made continuously 
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Figure 5. Twin-tee 400Hz oscillator. 


Even for those not familiar with this 
network the reason for its name should be 
obvious. It is actually a combination of 
low-pass and high-pass tee-type filters 
which together, if the values are correctly 
chosen, will have a ‘notch’ characteristic, 
selecting one frequency at the expense of 
all others. Thus positive feedback, re- 
quired for self-oscillations, will occur only 
at this frequency. Positive feedback 
implies a total of 360 degrees phase-shift 


variable with greater ease is the Wien 
bridge type. 

The Wien network, shown in Figure 
6, consists of a series RC combination 
together with a parallel RC combination, 
the values of R and C usually being the 
same for both, though they don't have to 
be. This network has the characteristic 
that, at a particular frequency, the 
phase-shift is zero degrees with a loss of 
3:1. The input would be applied across the 
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Figure 6, The Wien bridge network. 


whole network and the output taken 
across the parallel RC combination. It 
would seem that the obvious way to use it 
would be as a feedback network between 
the input and output of an amplifier whose 
gain was 3 times and whose phase-shift 
was zero degrees. However, it is rarely 
used in this way because a practical 
oscillator must not only generate oscilla- 
tions but must have automatic control of 
their amplitude, especially as the oscilla- 
tor frequency is changed. Otherwise the 
output may increase to a level where 
unacceptable distortion occurs or the 
oscillations may cease altogether. 

This automatic control of amplitude is 
achieved by using the Wien RC combina- 
tions as the two arms of a bridge, the other 
two arms being formed as follows, One 
armis a fixed resistor but the other armisa 
non-linear resistive device, normally a 
thermistor. The bridge is arranged so that, 
when the circuit is oscillating properly, 
there is a small out-of-balance voltage 
across the opposite junctions of the bridge 
(Figure 6), This provides the input to a 
high-gain amplifier, the Op-amp. The 
bridge ‘supply’ is the oscillator output 
voltage. Thus, any change in the latter 
causes a change in the current through the 
non-linear device. As a result its resist- 
ance changes and the bridge ‘out-of- 








balance’ voltage either increases or 
decreases, resulting in a greater or lesser 
input to the amplifier, and a change in the 
amplifier output in such a direction as to 
restore it to the correct value. 

There are various ways of providing 
the non-linear element. If the expense can 
be justified then the use of an R53 N.T.C. 
thermistor gives the most effective solu- 
tion, but this type of thermistor is very 
expensive. If used it substitutes for Ra in 
Figure 6. An alternative is to use a low 
current lamp (less than S0mA current 
rating together with a suitable voltage 
rating) in place of Rb in Figure 6. This is 
obviously quite a cheap solution. Another 
possibility is the one shown in the full 
Wien bridge oscillator circuit of Figure 7. 

In this circuit the non-linear device 
consists of two diodes, connected back- 
to-back, again an inexpensive answer. A 
preset resistor is connected in parallel 
with these diodes so that the bridge can 
be balanced so as to give a good 
waveform at the output. Otherwise, there 
is nothing remarkable about the circuit. 
Frequency control is achieved by means 
of the twin-gang potentiometer, each 
section of which has a certain amount of 
fixed resistance in series with it. This is 
essential to avoid the oscillator ‘dying’ 
when it tries to produce infinite frequency 
as the potentiometer resistance 
approaches zero, at one end of the wiper 
travel! As stated previously, the bridge is 
supplied from the oscillator output and the 
‘out-of-balance’ voltage from the bridge is 
applied between the two inputs of the 
amplifier. An output control, RV4, is also 
provided. With the values shown in the 
figure the frequency range obtained 
should be from about 220Hz to 1kHz. With 
the same R and C values in both halves of 
the Wien network, the frequency is equal 
to 1/(2 7 RC). 


As an Active Filter 


The function of any filter is to 
separate out a frequency, or band of 
frequencies, from a much wider frequen- 
cy spectrum. For example, a low-pass 
filter will pass all frequencies below a 
particular ‘cut-off frequency; a high-pass 
filter will do the same for frequencies 
above cut-off and ‘band-pass’ and ‘band- 





stop’ filters pass or reject whole bands of 
frequencies. It is also possible to select or 
reject a single frequency. Various com- 
binations of L, C and R can be used to 
make filters and, if these ‘passive’ 
quantities are combined with amplifica- 
tion, the result is an ‘active filter’. 

A filter of this type is shown in Figure 
8. It makes use of the properties of the 
twin-tee network, not to generate a 
sinewave of a particular frequency as was 
seen in Figure 5, but to give selective 
amplification to one frequency. To do this 
the network is connected as a feedback 
path between the output and the inverting 
input. What we then have is an inverting 
amplifier whose gain is determined by the 
impedance of the twin-tee network 
divided by the input resistance. Since the 
impedance of the twin-tee network is a 
maximum at a frequency equal to 1/(2 7 
RC), then the gain of the circuit will be a 
maximum at this frequency. The selectiv- 
ity of this circuit can be improved in two 
ways, by using the preset shown in the R/2 
branch to ‘tweak’ the response and by 
including a ‘bass-cut’ capacitor, Cl, equal 
in value to 2C in the twin-tee network, The 
‘centre frequency’ for the values given is 
about 400Hz, It is well worth while 
experimenting with this circuit, plotting 
the amplifier output against frequency and 
trying the effect of tweaking the response 
as just mentioned. Naturally an electronic 
voltmeter or a CRO will be needed to 
measure the output voltage. 


As a Peak Signal 
Detector 


While voltmeters for measuring a.c, 
are invariably ‘mean-sensing, r.m.s. cali- 
brated’, there is sometimes a need for one 
that will register peak or even peak-to- 
peak values, regardless of the waveform. 

The circuit is shown in Figure 9 and 
employs two Op-amps, IC] which is the 
peak detector itself and IC2, a voltage 
follower to buffer the output for any 
connected load. Diode D1 determines 
which’ peak of the waveform is being 
measured and, with the polarity shown, 
will measure positive peaks. Reversing it 
allows it to measure negative peaks 
instead. The circuit works as follows. 
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Figure 7. Wien bridge oscillator 220Hz — liz. Figure 8. 400Hz twin-tee selective amplifier. 
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Ifswitch S1 is closed capacitor Cl can 
be assumed to be discharged. The only 
way that Cl can now acquire a charge is 
through the diode D1, switchS1 then being 
open. A positive going voltage at the 
non-inverting input, even an extremely 
small one, will cause the diode to conduct, 
because of the very high gain of the 
Op-amp. The capacitor will charge up to 
the highest voltage applied to it and will 
allow this value to be read. Over a period 
of time there will be a leakage of charge 
since the input impedances of the 
Op-amps, while being very high, are not 
infinite. The circuit can be reset at any 
instant by closing S1. 

In Figure 10 the same principle is 
extended to measure peak-to-peak values 
of any waveform; it doesn't matter whether 
the two peaks are equal or not. Two peak 
detectors, of the type of Figure 9, are used. 
One measures positive peaks, the other 
negative ones; note the polarity of the two. 
diodes, D1 and D2. The two outputs will be 
in antiphase to each other. To obtain their 
‘sum’, itis only necessary to feed them into 
a ‘subtractor’ circuit! If the two peak 
voltages are V] and —V2 respectively, the 
subtractor will produce the result, Vl — 
(—V2) = V1 + V2, the peak-to-peak value 
of the input. IC3 is the subtractor circuit. 


APractical Application 
for an Op-amp 


Finally, a really practical application 
for an Op-amp a ‘frost alarm’ for a car (or 
even a greenhouse?). The circuit for this is 
shown in Figure 11. 

It is back to the Op-amp astable 
multivibrator with this circuit. RV] and Cl 
form the timing components that deter- 
mine the frequency. Rl and R2 set the 
potential at the non-inverting input. 
However, an extra component has been 
added, a N.T.C. (Negative Temperature 
Coefficient) thermistor, Thl. This has a 
resistance that ‘increases’ as the tempera- 
ture ‘decreases’. Since it is wired in 
parallel with Cl, the latter tends to 
discharge through it. The lower the 
resistance of Th] the more of Cl's charge 
it ‘steals’. But if the temperature is low 
enough, the resistance of Th1 will become 
quite high and Cl will be able to charge 
fast enough to allow the circuit to oscillate. 
The oscillatory output, amplified in a 
push-pull stage, drives a speaker to give a 
clearly audible warning of the presence of 
frosty conditions. The square-wave drive 
to the speaker is not the sweetest sound, 
which lends emphasis to the warning! If 
used in a car, the thermistor can be wired 
on the end of a lead and should be 
positioned low down at the front of the 
vehicle. The actual temperature at which 
the alarm operates can be set by 
adjustment of RV1, using the ice-box or 
freezer of the domestic refrigerator as a 
guide. 

The above selection of circuits should 
provide enough material for experimenta- 
tion, until the next time when we shall 
unravel the mysteries of the unijunction 
transistor. 


54 








D1 
1N4148 








1c2 
741 


Output 





Figure 9. Peak voltage detector. 
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Figure 10. Peak-to-peak voltage detector. 
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Figure 11. Frost alarm for car. *Chosen to suit Th1, adjusted to equal Th] at ‘Alarm’ temperature. 
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Reviewed by 
Gavin Cheeseman 


Introduction 


The SM-43 Digital Panel Meter is one 
of the new range of kits from Sound 
Master Electronics, marketed by Maplin. 
In its most basic form the SM-43 Will 
provide a digital readout of voltage up to 
200mV, with provision for extra on board 
components, allowing operation on any 
one of eight different current and voltage 
ranges, 

My first impression of the kit was that 
of a high quality product which is very 
well presented. | thought that the quality 
of the PCB was very good and | found the 
large, 15mm high red seven segment LED 
display quite impressive! A plastic case is 
provided in the kit to house the display 
and electronics and | think this really adds 
a professional touch to the finished 
product. The kit comes complete with a 
comprehensive instruction manual giving, 
full information on how to build and test 
the panel meter. The circuit (Figure 1) and 
PCB layout (Figure 2) diagrams are 
included in this review for reference 
purposes. 


onstruction 


In addition to the parts supplied, a 
soldering iron, some solder and a few 
simple tools are required to build the kit. 
A multimeter is also needed when 
aligning the finished module. Before 
attempting any construction | think itis 
always a good idea to'spread the 
components out on a table and check 
them against the parts list to make sure 
that they are correct; if all is well, then 
construction may commence. | 
recommend that the parts are fitted in the 
order suggested in the instruction manual 
as this takes the sizes of the various 
components into consideration and is 
usually the easiest method. The SM-43 
can be constructed for operation on any 
one of nine different voltage and current 
ranges with full scale deflections ranging 
from 199.9mV to 199.9V and 199.9,A to 
1.999A. The kit contains all the 
components necessary for operation on 
the 199.9mV range; however, if operation 
‘on one of the other ranges is required this 
may be arranged by fitting resistors of the 
appropriate value (not supplied) as 
explained in the instruction manual and 
shown in Table 1, Itis nice to see that IC 
sockets are included in the kit; the use of 
these helps to prevent any damage that 
could occur due to soldering the IC’s 
directly into the PCB and also makes IC 
removal much easier should this be 
necessary atany time. Whilst fitting the 
capacitors, | noticed that 200nF (instead 
of 220nF) capacitors had been supplied; 




























































Range (FSD) 
199:9mV 
7-999V 
19:99V 10k 
199-9V 10k 
10k 
1-999mA 10k 
19-99mA 390R 10k 
199-9mA NF, 390R 10k 
| +999a  fo-1R (sw) NF. 390R 10k 

















Table 1. Various resistor values required for different ranges. NF equals Not Fitted and L equals Linked. 
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this doesn’t make any difference. Care is 


needed when fitting the carbon preset as it 


is relatively fragile and easily damaged if 
stressed in any way. As supplied, the LED 
display is mounted on its own separate 
PCB; this is connected to the main PCB by 
a link comb which consists of a number of 
wire links separated by a plastic spacer. | 
think the use of a link comb is a good idea 
because it is somewhat easier to fit than 
‘individual links and also if fitted properly 
adds to the neatness of construction. 
When cutting the link comb, as shown in 
the instruction manual, please make sure 
that you leave the correct number of links 
on the comb! In addition to the links made 
using the link comb, there are six other 
links to be fitted. Insulated wire has been 
supplied in the kit, instead of the BTC type 
mentioned in the instruction manual. 
When fitting these links, cutthe wire to 
the appropriate length and strip a few 
millimetres of insulation from the ends of 
the wire; the links may then be fitted in the 
usual way. Brackets, nuts and bolts are 
supplied in the kit to fix the display PCB to 
the main PCB. | suggest that you do not 
‘install the finished module into its case 
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Power Supply 
A5V DC regulated power supply 
which is capable of delivering at least 
100mA is required to power the panel 
meter. If you are using a mains operated 
power supply, itis important to make sure 








that its output is adequately decoupled, as 





























the introduction of mains derived noise 
onto the supply rail could produce 
erroneous results, The panel meter can of 
course be powered from a battery supply, 
but its relatively large current drain must 
be taken into consideration when 
choosing batteries! 


Testing and Calibration 
Before applying any power to the 
panel meter, it is a good idea to inspect 
your work to make sure that the 
components are fitted correctly and to 
check that there are no problems with the 
solderin particular make sure that the ~ 
semiconductors and electrolytic 

capacitors are the right way round. Itisa 
good idea to measure the resistance 
between the power supply pins (pins 3 

and 6) using a multimeter, to make sure ~ 
that they are not short circuit. 

(used an edge connector (Maplin 
stock code JB64U) to make the external 
connections, as kes the installation 
and removal of the panel meter somewhat 
easier than if the wires were soldered 
directly to the PCB. Please note: The edge 
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Figure 2. PCB layout. 


connector is NOT supplied in the kit. If 
you use an edge connector please double 
check that itis fitted the right way round 
and that all wiring is correct as shown in 
the manual; in particular please ensure 
that you connect the power supply leads 
the right way round otherwise severe 
damage could result! The position of the 
decimal point on the panel meter display 
is not an automatic function. In order to 
select the desired decimal point position, 
itis necessary to connect pin 8 of the 
SM-43 edge connector to either pin 16, 17 
or 18 as explained in the instruction 
manual; this should be arranged so that 
the decimal point is placed correctly for 
the range that has been chosen. When 
power is applied to the panel meter, the 
display may show some random numbers 
if the input terminals are left open circuit; 
however, if the input terminals are shorted 
together 000 should then be displayed. In 
order to calibrate the SM-43, a multimeter 
and a suitable voltage or current source 
are required; methods of producing 
suitable sources are shown in the 
instruction manual. | found that the 
formulae shown in the manual only give a 
rough approximation of the level of 
voltage or current produced by the 
source, so the panel meter should be 
calibrated against a multimeter for 
accurate results, The SM-43 is calibrated 
by adjusting VR1 until the panel meter 
readings agree with those of the 
multimeter, In addition to displaying the 
magnitude of measured voltage or 
current, the SM-43 will also indicate its 
polarity. If the input pins of the panel 
meter are connected to the calibration 
source with reverse polarity, anegative 
symbol should show to the leit of the 
display indicating this fact. 


§8 


| was pleased to see that a precision 
voltage reference diode had been 
incorporated in the design of the panel 
meter as this keeps the basic level of 
accuracy and stability relatively high. 
Although the basic accuracy of the panel 
meter is very good, it should be borne in 
mind that the accuracy of the reading is 
still very much dependant on the 
precision of the multimeter with which the 
SM-43 has been calibrated and to a lesser 
extent the ambient temperature. 

I measured the current consumption 
of the SM-43 and found itto be around 85 






























to 90MA maximum. It should of course be 
remembered that the current consumption 
is very much dependant on the number of 
segments that are liton the LED display. 


Housing the Meter 
Once everything is working 
correctly, after the panel meter has been 
calibrated, it can be installed in its 
housing, see Figure 3. The PCB slides into. 
the guides in the plastic case and is 
secured using the bracket and fixing 
screws supplied. A cardboard mask is 
included jn the kit, for the purpose of 
masking the tracks on the display PCB and 
this is positioned around the LED display. 
The plastic screen is then clipped into 
place in front of the display; some care is 
needed while doing this as the lugs on the 
screen are easily broken if excessive force 
is used. | found the finished panel meter 


looked quite impressive once itwas  - 
housed in its case. One useful feature of 
the SM-43 is that the alignment preset 
(VR1) can be accessed through a hole in 
the back of the case; this facilitates any 
final adjustments once installation is 
complete and makes any periodic 
alignment much simpler. You will need to 
exercise care when adjusting VR1 
because it is quite fragile and easily 
damaged if too much forces used! 

itis worth pointing out that in order to 
fitthe edge connector, when the meter is 
installed in its case, itis necessary to 
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remove the edges of the bottom two. 
plastic pillars on the rear of the housing. 


Applications 


I think the SM-43 could be of use in 
many different applications where a 
display of voltage or current is required 
and it is also possible to use the meter in 
conjunction with other external circuitry, 
to display quantities such as resistance or 
frequency. It would be interesting to 
experiment with an external resistor 
network to enable a series of voltage or 
current ranges to be selected; remember 
that the position of the decimal point must 
also be switched to suit the selected 
range. When using current shunts to 
provide different ranges, remember to 
make sure that the power handling 
capability of the shunt resistor is sufficient 























measuring; this helps to avoid the 
possibility of exceeding the FSD on any 
Tange. 


Conclusion 


Iwas quite impressed with the 
presentation of the SM-43. In particular, a 
lot of thought has been put into the look of 
the final product. The quality of the parts 
was generally good and the finished meter 
performed well when tested. | found the 
SM-43 a pleasure to use and hope you 
have a similar experience if you decide to 
build the kit, As always | would like to 
thank Maplin Electronics for providing the 
review sample. 


Small bracaat 





FCB Fuses sorew 
















ne 


Figure 3. Case assembly. 


to dissipate any heat produced, otherwise 
overheating could take place. 

lalso found that a useful feature of 
the SM-43 is its very high input resistance 
when operating on voltage ranges (around 
100MQ); this means that the meter 
produces negligible loading on the circuit 
being tested, making it generally 
unnecessary to take the resistance of the 
meter into consideration when making 
voltage measurements. When used on a 
current range, the resistance of the meter 
is basically dependant on the value of the 
shunt resistor (R1). It is worth keeping in 
mind the fact that this meter should not be 
used in situations where the input voltage 
or current is likely to exceed full scale 
deflection (FSD), for the range in use, as 
damage could occur. If you are using an 
external resistor network to provide a 








selection of switchable ranges, | suggest . 

that you start the measurement on the The SM-43 Digital Panel Meter Kit from Sound Master 
highest range and switch to lower ranges, is available from Maplin Electronics: 

as appropriate, when you have an idea of Order As LM70M (DPM Kit) Price £24.95 

the magnitude of the quantity that you are 
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Even the most casual electronics 
hobbyist must, at some time, feel like 
designing his own circuit or at least modifying 
some aspect of circuit performance. For 
instance, tired of watching a multivibrator 
flick lights on and off ata fixed pace, one may 
wonder how to alter the timing. Immediately 
one is faced with the equation: | 


T=tloge( V2 ) 


(Vy + Va) 


Where V, and V> are the multivibrator | 
voltage, tis the product of resistor and | 
Capacitor, Tis the interval of half the 
waveform shown in Figure 1. We shall see 
later how to solve equations with logarithms 
to the base e. | 


ayaa 


Pa 


Figure 1. Interval T of a digital waveform. 











Another useful application of 
mathematics to electronics is in the use of | 
decibels. It will become clear why itis 
permissible to add or subtract decibel values 
in the section on logarithms. 

Introducing the tables invented by 
Napier, Mr Briggs wrote in 1631, 

‘logarithams are numbers invented for the 
more easier working of questions in 
arithmetic and geometry by them all 
troublesome multiplication and divisions are | 
avoided and performed only by addition 
instead of multiplication and by subtraction 
instead of division. The curious and laborious 
extraction roots are also performed with great 
ease’’. Since logarithms operate on the 
powers of the value in question, indices are a 
good place to start. 


Indices 


\f we have a number of the form a*, xis 
called the index and can be a whole number 
or a fraction. The six laws of indices are: | 











is any real number except 1, y = b*is called 
an exponential function with base b. 








For example: 3'° — 3° For example let us plot the cure for y = 2° 
x05 15 25 -0.5 -1.5 -25 
=gl-5 2" 1.414 2.828 5.656 0.707 0.354 0.177 





3. (a’)! =a 


For example: (8°)* = 8° 
4, aay 


For example: 4°? 
7 








Figure 2. Graph of y = 2" 


=23 | The curve is shown in Figure 2 and is 
called an exponential curve. An interesting 
=8 exponential that occurs in everyday life is the 
7 | exponential to the base e. The number e is 
The order of the operations is not approximately 2.71828. Just like the value of 


7 which relates the circumference of a circle 
to its diameter and does not have afi exact 
value, the quantity e does not have an exact 


important. |t can be cubed first and the 
Square root taken afterwards! 








422 value 
Tables exist for values of e* where x can 
= (64) 1? be a positive or negative number, a small 
sample is shown in Table 1. Alternately a 
=8 Scientific calculator with an e* key can be 
used to calculate individual values. 
Gat wea | 
50 Se et! iy et e 
Foc eAnnles Ret 02 1.0202 .9802 1.0 2.7183 3679 
6.a*=1 04 1.0408 9608 1.1 3.0042 3329 
F 06 1.0618 9418 1.2 3.3201. 3012 | 
| 08 1.0833 9231 1.3 3.6693 2725 
For example: 4-3 1.4 4.0552 2466 


10 1.1052 .9048 | 
| 111.1163 8958 1.5 4.4817 2231 
12 4.4275 8869 1.6 4.9530 2019 
13 1.1388 8781 1.7 5.4739 1827 
1.8 
19 





14 1.1503 8694 6.0497 1653 | 








| 6.6859 .1496 

64 | | 15 1.1618 8607 | 
16 4.1735 8521 2.0 7.9891 1353 
Exponents : 17 1.1853 8437 24 8.1662 1225 
Power functions like x*, x* are of the 18 4.1972 8353 2.2 9.0250 .1108 
form x? where the power is a constant. If we -19 1.2092 8270 23 9.9742 1003 
interchange this to b* where the power is 4 11.023 0907 


variable, we have an exponential function. Ifb | 
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60 
70 
80 
90 


1.2214 
1.2337 
1.2461 
1.2586 
1.2712 


1.2840 
1.2696 
1.3100 
1.3231 
1.3364 


1.3499 
1.3634 
1.3771 
1.3910 
1.4050 


1.4191 
1.4333 
1.4477 
1.4623 
1.4770 


1.4918 
1.5068 
1.5220 
1.5373 
1,5527 
1,5683 
1.5841 
1.6000 
1.6161 
1.6323 
1.6487 
1.8221 
2.0138 
2.2255 
2.4596 


8187 
8106 
8025 
7945 
7866 


7788 


a7 
7634 
7558 
7483 


7408 


7335 


7261 
7189 
7118 


7047 
6977 
-6907 


6839 
6771 


6703 


6636 


6570 


6505 
6440 


6376 
6313 


6250 
6188 
6126 


6065 
5488 


4966 


4493 


4066 


25 12.182 
26 13.464 
27 14.880 
28 16.445 
29 18.174 


20.085 
1 22.198 
2 24.532 

3 27.113 
4 29.964 


3.5 33.115 
3.6 36.598 
3.7 40.447 
3.8 44.701 
3.9 49.402 


4.0 54.598 
4.1 60.340 
4.2 66.686 
4.3. 73.700 
44° 81.451 


4.5 90.017 
4.6 99.484 
4.7 109.95 
4.8 121.51 
4.9 134.29 


5.0 148.41 


0821 
0743 
0672 
0608 
0550 


0498 
0408 
0369 
0302 
0247 
0202 
0183 
0166 
0150 


0136 
0123 


0450 


0334 


0273 
0224 


O11 | 
0100 | 
00910 
00823 


00745 
00674 





Table 1. Exponential functions. 

















Figure 3. Graph of e* ande *. 


Using the tables. graphs of e* and e* 
can be drawn as in Figure 3. For values of x as 
low as 3 the graph climbs rapidly towards 


infinity. 
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Examples of exponential growth or 
decay are: 


1) Current increasing in an inductive circuit. 
i=1(1—e7PYYy 


Where | is the instantaneous current at 
time t, | is the final current value, Lis the 
inductance, and R is the resistance 
associated with the inductor. 


2) Current decreasing in an inductive circuit. 


i=le 

Where iis the instantaneous current at 
time t, | is the initial current, Lis the 
inductance, and R is the resistance 
associated with the inductor. 


3) Capacitor discharging. 
q=Qe'" 


Where q is the charge after time t, Qis 
the initial charge, C is the capacitance of the 
capacitor, and R is the resistor through which 
the capacitor discharges. 


4) Electrical resistance changes with 
temperature according to the law. 


R=Roe* 


Where R is the resistance at 0°C, Ris 
the resistance at t°C, a is the coefficient of 
resistance. Let us look at some numerical 
examples. 

lf the current i flowing in an inductor is 
1A after 1 second and the inductor has a 
resistance of 9 ohms and inductance of 3 
henrys, calculate the final current? 


i =I(-e*) 
1=1(1-e 24) 
1=1(1-e°4) 


Sa 
© 
a 
a 

za} 


In order to draw the graph of the rising 
current, a few points need to be calculated 







Att = 0 the current is 0 since, 
1.05 (1—e~°) 
1.05 (1-1) 
=0 
Att = = the current is 2A since, 
= 1.05(1—e-*) 
1.25 (1 —0) 
= 1.25 


Att = UR (the time constant) the current has 
risen to 0.63 of its final value. 


1.05 (1 -e7') 
-05 (1 — 0.3679) 
-05 (0.6321) 

= 0.66424 





We now have the following values: 
t 0 0.33 1.0 = 
i 0 0.66 1.0 1.05 











t seconds 








Figure 4. Growth of current in an inductor. 


A graph is shown in Figure 4, Let's move 
‘on to another example. 

Find the instantaneous current after 0.4 
seconds when current is switched off in an 
inductor of 3 henrys and 9 ohms resistance. 
The initial current is 2A. 


i=ie 
=2e7(9x0.4/3 
= 2e7'? (from the tables e~"* is 0.3012) 
=2 0.3012 
= 0.60244 


In order to draw a graph of the 
decaying curve, more instantaneous values 
Need to be calculated. We know that at t = 
0, the current is a maximum of 2A, since i = 
de =2x1=2. 
Att==,i=2e*=0 


Att = UR (called the time constant) the 
current has decayed by 0.63 of its initial 
value. 








i=2e" 
* 0.3679 
=0.7358A 
Amps =] 
i 
2 
| 1 
°o 02 033 04 
tseconds 








Figure 5. Current decay in an inductor. 


Since at t = LVR = 3/9 = 1/3 seconds the 
current has already fallen by 63% of its initial 
value, we need to calculate more values 
around this time. 


t 0 
i 2 


0.2 033 04 = 
1.08 0.73 0.60 0 


Agraph is shown in Figure 5. 
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Logarithms 

Suppose in the preceding equations we 
knew all the values except one in the index. 
For instance: > 
islet 

If we knew all the values except L, one 
method of finding L would be to take 
logarithms of both sides. We have seen how 
power functions have the form x, x° etc. 
where the index is a constant. We have also 
seen that exponential functions have the form 
b*, where the index is now the variable. The 
inverse of these exponential functions are 
called logarithms. 

An example will help clarify this: 


10 is 10’ 
100 is 10? 
1000 is 10° 


So the logarithm of 10 to the base 10 is 1 
the logarithm of 100 to the base 10 is 2 
the logarithm of 1000 to the base 10 is 3 


In this manner we are operating on the 
power alone. If we operate on the powers 
then by the rules of indices we add and 
subtract powers instead of multiplying or 
dividing. 


For example: 
10* x 10° = 10° 


We can now see that since decibels are 
logarithmic ratios we are quite justified in 
adding and subtracting them instead of 
multiplying and dividing. 

For instance, if an amplifier has a gain of 
1,000,000 followed by an attenuator of 100: 


log 1,000,000 = 6 Bels 
log 100 = 2 Bels 
Overall gain 6 — 2 = 4 Bels 


The general definition then of a 
logarithm is if y = b* then x = log, Y. We 
have dealt with the base 10 but any base is 
permissible. 

For instance, find log 28: 


Since x = log 8 





andx=3 
So the log 28 is 3. 


Another example. Find log 625: 


As before x = log 625 
then 5* = 625 

S=5 

x=4 


The logarithm of 625 to the base 5 is 4. 
Suppose the figure does not lend itself easily 
to whole powers as above, then ready tables - 
to the base 10 or a calculator may be used. 

For instance, solve for x in 2* = 5, 
Taking logarithms of both sides to the base 
10. 10945 2° = logy05 
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(Now log yo 2* may be written as x log 5 2 as 
we shall see later). 
Xlog 19 2 = log 195 


X=l09 105 
fog 92 


= 0.699 

0.301 

= 2.322 
Properties of 


Logarithms 


Let us look at some common properties 
of logarithms: 


1) log, MN = log, M + log, N 
Let log, M =x 
log, N=y 


Then MN = b* bY 
MN = b**” from the law of indices. 
In logarithmic form: 
log, MN = x+y 
Therefore, log, MN = log, M + log, N 
Hence the justification in adding decibels to 
obtain power gains. 
2) log, M = log.M — log, N 
N 
As before let M = b* 
N=bY 
Then M = b* 
RW 
= b*’ from the law of indices. 
In logarithmic notation: 
logs M=x—y 
N 
Therefore, log, M = log, M — log, N 
N 


Hence the justification in subtracting decibles 
when there is an electrical power loss. 
3) log, N? = a log, N 
By definition, if log, N =x 
then N = b* 
Raising each side by the power of a. 
N? = b™* 
In logarithmic form: 


log, N* = ax 
Therefore, log, N? = a log, N 


4) log, 1=0 
Let log, 1 
Then b* =1 





From the law of indices. if b* = 1 


Then x =0 
Therefore, log, 1=0 


5) log, b =1 
Let log, b =x 





By definition, b* =b 
Then x must equal 1 
Therefore, fog, b=1 


In words. the logarithm of any number to the 
same base as the number, is one. 


6) log, O— —% 
Let log, 0=x 
By definition, b* = 0 


If b isa positive real number then x has to 
tend towards negative infinity. 


For instance, 2-2 














Figure 6. Graph of y = log, x with x — zero. 


Figure 6 shows a graph of y = log yo" 
showing that as x tends to 0, y tends to minus 
infinity. 


For instance, log,. 2 = 0.3 
10g;9 0.2 = =0.7 





Although the graph is drawn for 
logarithms to the base 10, the same curve 
results for logarithms to any base. 

Changing the base of a logarithm can be 
undertaken gradually as in: 
log, ¢ = (log; b) (lod, c) F 
Or immediately as in log, a = 1 

foo, b 


Natural Logarithms 

We have looked at exponentials to the 
base e. Logarithms to the base e also exist, 
called hyperbolic, Napieran or natural 
logarithms, and abbreviated In. Logarithms to 
the base 10 are abbreviated Ig. 


As before. if Inx =y 
Then e¥ = x 

Natural logarithms are more suited to 
the natural laws of growth and decay and 
therefore tables have been compiled for easy 
reference. Alternately, a scientific calculator 
has an In function key. 

Using the preceding formulae it Is also 
possible to convert from log to the base 10 
into Jog to the base e. 


!og, ¢ = (tog; b) (logs ¢) 
cross-multiplying, log, ¢ = lag, ¢ 





fog. 5 
Substituting e for b and 10 for a: 
Inc=lgc¢ 
lge 
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But, log, € is 10949 2.718 = 0.4343 
Soinc= lac 
0.4343 
= 2.3026 lay 


Therefore the natural logarithm of a 
number can be obtained by multiplying the 
logarithm to the base 10 by 2.3026. 


We are now ina position to solve: 
i=le—** (to find L). 


Where i = 0.6024A 

2A 

0.4 seconds 

R = 9ohms 

0.6024 = 2¢- 94) 








0.3012 =e-$ 


Now wecantakelogstothe base 10(or | 
€) of both sides. Taking log to the base 10 
first: 


logo 0.3012 = 





3.6 logio & 
i 


—0.5211 = —3.6 x 0.4343 
Lif 


L = 3 Henrys as before. 


Taking log to the base e and remembering 
that log. e = 1. 


-1,199 = -3.6 
c 





L = 3 Henrys as before. 


Conclusions 
And so we return to what started it all in 
the first place, solution of the equation: 
T=tloge( Vo ) 
(V, + V2) 





This is now easily solved in the light of 
the information in the preceding text. « 

It can also be seen how one area of 
mathematics supports and re-inforces 
another area. For instance, although indices 
are not of direct relevance here, it was a good 
Starting point for many of the proofs on 
logarithms. 

Even a modest command of 
mathematics gives the electronics technician 
or hobbyist greater freedom to explore and 
exploit electronics 





Exploring Radio continued from page 46. 


reading, perhaps 4-5mA. It is possible 
to switch now to the next range down, 
say 30mA FSD, Preset RV2 should be 
rotated clockwise until the 
milliammeter reads 10mA. This is the 
correct standing current for the 
receiver. This is the only setting-up as 
such required. The meter can now be 
disconnected. 

If it happens that a suitable meter 
is not available, it will probably be 
reasonable, after initially setting RV2 
fully anti-clockwise, to then rotate it 
about a quarter of its full travel ina 
clockwise direction, This should give a 
reasonable though not necessarily 
precise value of standing current. 

All that remains now is to advance 
the volume control and tune in your 
favourite station! In the unlikely event 





that no reassuring sounds issue forth 
from the speaker, some fault-finding 
will be called for. Typical values (expect 
slight variations in practice) of dc. 
voltage levels are given on the circuit 
diagram. These were all measured with 
a 20k/V meter on the 10V d.c. range. 
Any faults will almost certainly be 
found to be due to poor quality 
soldered joints, including bridged 
tracks with excessive solder, or 
components either incorrectly placed or 
in the wrong polarity (e.g. diodes). 


A Schools Project 

This receiver design has been 
extensively tested by numerous 
students who have built successful 
models, The layout is largely non- 


critical, there is no alignment to be 
done, and only the one setting-up 
procedure. It is always a source of great 
satisfaction to students to make 
something that actually does something 
and, even in these days of 
sophistication, there is genuine 
pleasure in building a radio receiver 
and then putting it to use. Details of a 
case design are not included but the 
average constructor will have little 
difficulty in making a suitable housing 
for it. Where woodwork is on the school 
curriculum it is possible that this 
project could even be made the subject 
of an ‘integrative assignment’, the 
cabinet being given extra appeal by 
being made in the traditional ‘30s’ 
fretted and polished style. It's athought 
anyway. 











SEMICONDUCTORS 

TRF MW REFLEX RECEIVER TRi2 Creel - (QR31/) 

TR3 BC337 1 (QB68Y) 
PARTS LIST TR4 BC327 1 (QB66W) 
RESISTORS: All 0.6W 15% Metal Film DI OA90 1 (QH7IN) 
RI 270k i (270K) | (D2 1N4148 1 (QL80B) 
R26 47 2 (Ma7K) 
R38 Ik 2 (MIK) MISCELLANEOUS 
Ra 4k7 1 (M4k7)— 1/2 See Text = 5 
R5 120k 1 (MI20K) 13 Choke 4.7mH 1 (UKS0B) 
R7 47R 1 (MA7R} Pin 2145 1Pkt — (FL24B) 
RO 680R 1 (Még0R) PP3 Battery Clip 1 (HF28F) 
R101 2R2 2 (M2R2) Speaker o4R 1 (WE57M) 
RVI/S1 4k7 Switch/Pot Lin 1 Wal) Knob K14B 2 (FK39N) 
RV2 220R Hor. Encl. Preset 1 (UF98G} EC Wire 0,9mm 20 swg 1Reel  (BL26D) 

Ferrite Rod 810 1 (YG20W) 

CAPACITORS MB Spacer ¥sin 1Pkt — (FG34M) 
cis 100uF 25V PC Electrolytic 2 (FFIEM) Isobolt M2.5.20mm 1Pkt — QD15R) 
ea InF Ceramic 1 (WXx68Y) Printed Circuit Board 1 (GEI5R) 
Ga 470pF Ceramic 1 (WX64U) Constructors Guide 1 (XH79L) 
CG 474F 25V PC Electrolytic 1 (FFOS}) 
GS 10nF Ceramic 1 (WX77]} The following part is available, 
6 100nF Polyester i (BX76H) but is not shown in our 1989 catalogue: 
G 220pF Ceramic 1 (WX60Q) Order As GEISR (TRF Reflex PCB) 
vel Min AM Tuner 1 (FI78K} Price £3.79 
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Figure 1. EPROM programmer circuit. 


In the last issue of ‘Electronics’ 
construction details were given for a 
Digital Record and Playback module - 
based on the UM5100 IC - whereby speech 
could be digitised, stored in RAM and 
replayed again. The 32k static RAM 
supplied with the kit allowed for a 
maximum of 20 seconds record/play time, 
but had the disadvantage of ‘total amnesia’ 
once the supply voltage was removed. This 
is of no consequence unless the stored data 
is permanently required as part of another 
system, such as an alarm or car 
annunciator. Therefore, two additional 
projects have been designed: an EPROM 
programmer for 8-32k devices and a 
Playback only module, which is a much 
reduced and simplified version of the 
Record/Playback module. 


Programmer Circuit 

The programmer circuit diagram, 
given in Figure 1, is able to program 8k to 
32k EPROM’s inserted into SK2 and also 
to play them back from the programmer 
‘April 1989 Maplin Magazine 





card, Slide switch $1 selects the ‘mode’ 
required: either PROGRAM in position 3, 
PLAYBACK in position 2 or RECORD/ 
PLAY FROM RAM ONLY in position 1 
(see Figure 2). Switches S2a-d are preset 
according to the type of EPROM being 
used, as can be seen in Table 1 and 

Figure 3, 

With a simple programming system 
such as this, fast burn algorithms are 
obviously out of the question and a 
20ms/50Hz (10ms burn) pulse has to be 
used. Ifa 32k EPROM is used, it will have 
a maximum of 20 seconds speech time, but 
will take 32768 x 20ms or 10.92 minutes to 
program! Therefore, it is impossible to 
program the EPROM directly while 
recording speech. The approach here is to 
set §1 to position | and record data directly 
into RAM as usual; $1 is then set in 
position 3 and the UMS5100 made to 
re-play. The UM5100 now addresses the 
EPROM via AO to A14, see Figure 1, and 
RAM data is also applied to SK2 via the 
DO to D7 data bus. For successful 
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Figure 2. Select mode. 
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Table 1. Selecting EPROM type. 
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Figure 3. S2 functions. 


programming, the address and data buses 
must be stable before the 10ms burn pulse 
isapplied. RV2 on the rec/playback 
module is removed and replaced by RV1 
and R3 on the EPROM card; both 
resistors determine the UM5100 clock 
pulse output at PL1 pin 28, RV1 can be 
adjusted for record and playback clock 
speeds between approximately 18us and 
80us, whereas R3 is only in circuit whilst 
programming and fixes the clock to 2.5ms. 
Clock pulses are inverted by IC] and 
further divided-by-eight at IC2, which 
generates the 10ms burn pulse at Sla and 
$2e. LED LD1 is only operative while 
programming and actually monitors the 
burn pulse via pulse stretcher circuit IC1, 
D1 and Cl. Waveform timing 
relationships are given in Figure 4. 

'RV2, RS, R7 and $2d determine the 
voltage out from regulator RG1 (Vpp) at 
either 12.5 or 21V -to suit the program: 
voltage requirement of the EPROM in use. 
RG2 is biased for 6V output for EPROM. 
types that need a Vee of 6V and a SV rail is 
derived from the volt drop across D2. 





Construction 

Refer to the EPROM Extension Parts 
List, constructors guide and Figure 5. All 
components are fitted onto the legend side 
of the PCB except for R12, RG] and RG2 
(shown dotted); these three items are 
mounted, with heatsinks, onto the back 
face of the PCB. 

Identify the eleven resistors R1 to R11 
and insert them into the board. Mount 
diodes D1 and D2, taking note of their 
cathode markings, and insert both 
polarised capacitors C1 and C3 correctly. 


Solder these components and cut off the 
remaining wire ends. 

Mount the three IC sockets, RV1, 
RY2 and dil switch $2; these too can now 
be soldered to prevent them from falling 
out whilst $1 and LD1 are being fitted. 
Remember to identify the anode (A) and 
cathode (K) legds of LD] before insertion! 
Finally, fit C2 and re-check the 
components and soldering. 

Insert a 12mm M3 bolt through the 
hole just below S1, from the component 
side, and tightly screw on an M3 nut. Now 
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Figure 5. Layout of programmer peb. 
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Figure 6. Mounting RG2. 


position regulator RG2 over the bolt, from 
the solder side as shown in Figure 6, with 
the chamfered edge facing outwards and 


away from the board; the legs are bent at ¢ > 


right angles 4mm away from the plastic 
body. Spread a layer of heatsink 
compound over the RG2 tab and fit the 
yaned heatsink and M3 washer and nut. 
Solder RG2 from the opposite, 
component, side (between R8 and R12). 
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Figure 7. Mounting RG] and R12. 


Next, fit the rectangular 3W resistor R12 
on the same side as - and just below - RG2; 
allow 2mm clearance between the resistor 
and PCB and solder both leads from the 
same (track) side. The plastic TO92 
regulator RG1 is also mounted from this 
side, but first it should be fitted into the 
clip-on heatsink and then both RG] and 
heatsink are inserted into the PCB as 
shown in Figure 7. This time, solder both 
heatsink legs and the three RG] leads from 
the front component side and remove 
excess wire ends. When complete the back 
mounted components should resemble 
those shown in Figure 8. 


Rec/Playback Module 


Modifications 

A2x 15 way socket (SK1) is fitted to 
the component side of the Record & 
Playback module (board number GD88V) 
and this is where the EPROM module 
plugs in. Solder the thirty terminal pins on 
SK1 to this board and also remove RV2 
and wire link LK1, if fitted earlier. LK] 
previously joined the UMS100 READ line 
to the RAM ICS. Now READ is extended 


April 1989 





Maplin Magazine 








CORRIGENDA! 

The Digital Record and 
Playback Module article in 
Feb-Mar 1989 vol. 8 issue 30 of 
‘Electronics’ states that either an 
8k byte CMOS Static RAM. 
(SRAM), type 6264, or a 32k 
byte CMOS Static RAM 
(SRAM), type 62256, can be 
used in the module. This is NOT 
the case, only the 62256 may be 
used (a 62256 is supplied with 
the kit). Links LK2, LK3 & 
LK4 should all be MADE as 
stated in Table 1. The references 
to these links in this follow-on 
article on the EPROM 
module however, 
does still apply. 
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Figure 8. Inserting programmer into rec 


| playback module. 



























The EPROM 

programmer 
mounted into the 

Ree/Playback module. 





via SK1 pin 24 to switch $1 and IC2 and 
RV2 is replaced by RV1 and R3 on the 
EPROM module, as previously mentioned 
in the circuit description. 

Note: RV2 and LK] will have to be 
replaced if the rec/playback module is to 
be used again without the EPROM module 
fitted! 
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Figure 9. Testing the programmer. 
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Programmer Testing 

Plug the programmer card into the 
rec/playback module SK1, orientated such 
that the track solder side faces inwards - 
towards the UM5100. Place S1 in position 
1 (towards the top edge of the programmer 


card) and ensure all four switches on S2 are 


in position 2 (towards SK1). Connect a 
24V DC power supply and amplifier as 
shown in Figure 7 of the previous article 
and without an EPROM fitted at this 
Stage, turn on the supply and connect a 
voltmeter to one of the OV pins and Vpp at 
resistor R9 as shown in Figure 9. Adjust 
RY2 for a reading of 12.5V to 12.8V 
maximum; this is the Vpp for all six 
EPROM’s recommended for use in Table 


1, Some EPROM’s require a higher Vpp of 


21V, and in that case set S2d in position 1 
and check for a voltage reading between. 
20.5V and 21V. Either of these Vpp’s can 
be re-adjusted from RV2 as required. 





‘A. Record into RAM only 


‘A, Playback from RAM 
B. Playback from EPROM 
CC. Program EPROM from a) 





Po PID 


Gpaav 
Rec/p-back 








Figure 10. New functions of Si and S2. 


Test the Vec supply on EPROM 
socket SK1 pin 28 for a voltage of SV to 
5.3V and with $2a in position 1, Vee 
should be 5.8V to 6.2V (this test can also 
be made from D2). The various voltage 
readings will obviously vary slightly from 
those given here, according to component 
tolerances and meter accuracy, etc. 

With S1 still in position 1, record 
some speech by momentarily connecting 
pins 11 & 12 (record) together and 
speaking into the microphone and then 
check the playback from RAM is alright. 
RV1 on the EPROM card now sets the 
record and play speed, see Figure 9. 
Table 2 shows what links are required to 
be fitted on the rec/playback module, to 
suit the memory devices being used. One 
important point to remember: if the 
EPROM to be used is smaller in memory 
size than the RAM fitted, then fit links 
LK2-4 to suit the EPROM - not the RAM! 


The Playback Module. 
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Figure 11. Selecting EPROM type. 


Otherwise the EPROM will be re- 
programmed 2 or 3 times over and all data 
lost. 





Memory Size LK2 LK3 
8k UNMADE UNMADE 
16k UNMADE = MADE 
32k MADE MADE 

Memory Size LK4 Time 
8k MADE 5 SECS 
16k MADE 10 SECS 
32k MADE 20 SECS 





Rec/p-back 











Table 2. Selecting links on the rec/playback module. 
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Programming 

Initially do not fitany EPROM, but 
test the programming function first. Refer 
to Figure 1] and Table 1 and set up the 
four dil switches $2a-d to suit your 
EPROM. The top drawing shows settings 
common to 8k and 16k devices, but the 
other two drawings refer to the 32k 
EPROM set for: programming is S2a-d in 
position 2, or playback is $2c set to 
position 1 only. It may be found necessary 
to set S2a in the Vec = +6V position for 
some 32k types (check the manufacturers 
data sheet first!). Place $1 in position 3 
(Program EPROM) and momentarily 
connect pins 9 and 10 (playback) together. 
The contents of RAM are output ata much 
slower speed, due to the EPROM 
programming timing requirements, and 
this results in a sequence of bleeping and 
popping from the audio amplifier. During 
programming only LED LD should be 
on, although L.D1 on the ree/playback 
module may also flicker as well. If you 
have access to an oscilloscope, then the 
various timing waveforms in Figure 4 can 
be checked. 

At the end of the programming 
sequence LD1 will go out. You can 
calculate the time taken to program an 
EPROM in minutes by: memory size (in 
bytes) x 0.02/60 and times vary from 2.5 to ~ 
11 minutes according to the EPROM type. 

Turn off the power to the modules 
and insert your EPROM. Re-check $2 
settings, place $1 in position 1 and power 
up the modules again. Record some 
suitable information in RAM and then 
program the EPROM by switching $1 to 
position 3 and starting the playback’ 
program sequence as mentioned earlier. 
Once programming is complete, place $1 
(and 82c if applicable) in position 2 to 
playback (verify) from EPROM only. 
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Figure 12. Playback module circuit. 


Playback Module 


Pre-programmed EPROM’s can be 
played back only from this module, The 
rec/playback module was not designed for 
taking EPROM’s in the RAM socket (IC5) 
and a much simplified module (no 
programming or record facilities) is 
available for playback only. The circuit 
diagram for the playback module, Figure 
12, is very similar to that of Figure 2 in the 
previous article (refer to issue No.30). 
Connecting pins 5 and 6 together places 
the UM5100 in playback mode and the 
EPROM fitted in SK1 is enabled (IC3 pin 
32) and accessed over the address bus AO 
to Al4. Data from the EPROM is then 
READ by the UM5100, on DO to D7, and 
changed from digital data to an analogue 
signal (D to A conversion) at ICla, Clock 
pulses and unwanted conversion noise 
signals are removed by the low pass filter 
IC1b, ready to be connected from pin 1 
(output) and pin 2 (OV) to the input of a 
suitable amplifier. The average signal 
output from pin | is about 50mV. 


Construction 

Assembly of this module is very 
straightforward and no difficulties should 
be encountered. Refer to Figure 13 and fit 
six veropins into pin 1 to pin 6 positions - 
inserted from the track solder side first. 
Push home with a hot soldering iron and 
solder in position. Identify and mount the 
resistors, diodes and capacitors; C5, 6, $ 
to C10 are polarised electrolytics and 
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Table 3. Selecting links on the playback module. 


must be fitted correctly. Mount the three 
IC sockets and SK1, solder all components 
in place on the board and remove excess 
wire ends. Insert TR1, RV1 and assemble 





the regulator RG1, as shown in Figure 14. 
Determine the type of EPROM to be used 
with this module and fit the appropriate 
links from Table 3. Note that for 8k (2764) 
types the diode D2 will have to be 
removed. Solder all remaining components 
and inspect for faults and mistakes. 


Playback Module Testing 


Fit the UMS100, 74HC133, LF442 
and EPROM into their sockets and. 
connect up the module as shown in Figure 
15. As the SV supply is regulated ‘on 
board’ you will require a power supply of 
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ie nine | || |] ovr OT Pe a 
Gpa7u Rv | ______ Set playback 
fq rst! TI speed 
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7-5VDC »— 3 See table 3 
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I 
Figure 14. Mounting RG1 on playback board. Figure 15. External connections to playback module. 
atleast 7.5V DC connected with +V to pin between pins 5 and 6 will cause IC3 to | effect. For example alarm systems could 
3 and OV to pin 4. Connect a suitable | repeat continuously until the connection is | incorporate several playback modules, 
power amplifier to pin 2 (OV screen) and removed. with different pre-recorded messages or 
pin | and short circuit pins 5 and 6 % - warnings for setting up and alarm 
together. Pre-programmed speech data Using the Digital Speech conditions. Seat belt or verbal fuel and 
should be heard from the amplifier and the S speed warnings could be installed in motor 
‘pitch’ or replay speed can be increased by ystem vehicleSand perhaps a telephone 
rotating RV1 anti-clockwise (or clockwise There are numerous applications for answering service could be based on this 
to decrease). Maintaining the short circuit | the speech system to be used to good system? 


PLAYBACK MODULE PARTS LIS 





EPROM EXTENSION PARTS LIST 


RESISTORS: All 0,6W 1% Metal Film RESISTORS: All 0.6W 1% Metal Film (unless specified) 
R1,6,7,11,13 10k 5 (M10K) RI 470R 1 (M470R) 
R2,3 12k 2 (MI2K) R25. 4k7 2 (M4K7) 
R4,5,8,9,10 47k 5 (M47K) R3 180k 1 (M180K) 
R12 3k3 1 (M3K3) 4 10k 1 (M10K) 
Ri 220R 1 (M220R) —-R6 Ik 1 (MIK) 
RIS 100R 1 (M100R) —-R7. 56k 1 (MS6K) 
RVI 4k7 Hor Encl Preset 1 (UH02C) R8 820R 1 (M820R) 

R9,10 220K 2 (M220R) 
Ril 15k 1 (MISK) 
EATERS Feet i wg) BIZ. 68R3W Wirewound 1 (W68R) 
7 nF Polylayer (WW29G) RV1,2_4k7 Hor Enclosed Preset 2 (UHO02C) 
2,3 4n7F Polylayer 2 (WW26D) CAPACITORS 
C4 33nF Polylayer 1 (WW35Q) 1,3. «10x SOVP.C. Electrolytic 2 (FFO4E) 
cs 1pF 63V Minelect 1 (YY3ID) 100pF Ceramic 1 AWXS6L) 
C6 10,F 16V Minelect 1 (YY34M) SEMICONDUCTORS 
8,9 474F 16V Minelect 2 (YY378) py IN4148 1 QL80B) 
10 100,F 16V Minelect 1 (RASSK) pp IN4001 1 (QL730) 
LD! —_ LEDRed 1 (WL27E) 
SEMICONDUCTORS RG LM317LZ 1 (RA87U) 
TRI 2N3708 1 (QR32K) RG2 LM317M 1 (RA86T) 
DLS IN4148 5 (QL80B) ICl 74HC132 1 (UB29G) 
ICl LF442 1 (QY30H) ‘C2 74HC4024 1 (UFOLB) 
1C2 74HC133- 1 (UB30H) MISCELLANEOUS 
1C3 UMS5100 1 (UJ48C) Printed Circuit Board 1 (GD89W) 
RGI 78M0SUC 1 (QL28F) SKI —- 2.x ISEdgeConnector0.156in 1 (JB63T) 
: S1 4 Pole 3 Way Slide Switch. 1 (FH38R) 
S2 DIL Switch SPDT Quad 1 (XX29G) 
MISCELLANEOUS : Vaned Heatsink 1 (FLS8N) 
DIL Socket 8 Pin 1 (BLI7T) Heatsink 92F 1 (HQ79L) 
DIL Socket 16 Pin 1 (BLI9V) DIL Socket 14 Pin 2 (BLI8U) 
SKT1 DIL Socket 28 Pin 1 (BL2IX)_— SK2_—s DL Socket 28(TurnedPin) 1 (FJ68Y) 
DIL Socket 40 Pin 1 (HQ38R) Isobolt M3 x 12mm 1Pkt — (BF52G) 
Pin 2145 1Pkt  (FL24B) Isowasher M3 1Pkt  (D76H) 
TE Wire 0.71mm22swg 1Reel (BL14Q) Tsonut M3 1Pkt — (BF58N) 
Tsobolt M3 x 6mm 1Pkt (BFS1F) Silicone Grease Tube 1 (HQOOA) 
Tsonut M3 1Pkt (JD61R) Constructors Guide 1 (XH79L) 
P.C. Board . i (GD87U) OPTIONAL. 
Constructors Guide 1: (XH79L) 2764 EPROM. 1 (QQ09K) 
27064 EPROM 1 (UHS3W), 
OPTIONAL 27128 EPROM 1 (YH88V) 
SI Push Switch 1 (FHS9P) See Eee t eee 
270256 EPROM 1 (UH44X) 
The above items, excluding Optional, are available in a kit: The above items, excluding Optional, are available in a kit: 
Order As LM85G (Playback Kit) Price £14.95 Order As LM86T (EPROM Ext. Kit) Price £14.95 
The following item is available separately: The following item is available separately: 
Playback PCB Order As GD87U Price £6.50 EPROM Ext. PCB Order As GD89W Price £5.99 
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Reviewed by Robert Ball A.M.1.P.R.E. 


* Infra-red Remote Control Unit for 
Armchair Control 

x 12-band Equaliser/Spectrum 
Analyser 

x Manual or Automatic Room 
Acoustics Adjustment 

* Four Memories to Store and Recall 
Equaliser Set-ups 

» * Full Monitoring and Dubbing 

Facilities 
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Figure 1. Baxandall tone control response. 


Introduction 


A quick glance through the 
Entertainment section of the 1989 Maplin 
catalogue reveals one of the latest additions 
to their range of hi-tech audio products; the 
XM01B Computer Graphic Equaliser with 
Remote Control. 

This superb graphic equaliser features a 
host of functions to satisfy the most 
discerning of music listeners, who demand 
flexibility of their Hi-Fi without having to 
resort to ‘diving round the back’ to move 
plugs around. 

The equaliser has twelve bands of 
adjustment on each channel to allow you to 
tailor the sound of your Hi-Fi to just how you 
wantit, this means you are able to 
compensate for deficiencies in room 
acoustics. The average front room is j ) 
invariably far from ideal in terms of the 
perfect listening environment, with a mixture” 
of hard walls and soft furnishings whichitend 
to ‘colour’ the sound. 

Most equalisers are adjusted f 
front panel with a set of slide pote: 
the position of which shows graphically t 
equalisation curve; hence the name, 
Equaliser. The XMO1B siesta 
adjustments are made by up/down (bo 
cut) buttons and the equalisation is dis; 
isoayen tit 




















analyser display, whfgh 
amplitudes of they 
The best place 





the effect is gradual, rather than a sharp peak 









panel, allowing full contro) fre 
of your favourite afmehaif! 


What is am Equaliser? 

In its simplest form, an equaliser n 
justa set oftone controls, as commonly ~ 
found onthe front of an amplifier. The two 
controls, treble and bass, allow control of 
areas of the sound range, high pitch sounds 
and,fow pitch sounds, whilst the middle range 
is Jeff almost unaffected, The contrals can be 
adjusted to either boost or cut the high and’ 
Jow pitch sounds as required. The nominal, 
‘Gverall frequency range is 20Hz to 20KHz, 
Figure 1 shows the response of a typical 
Baxandall type, treble/bass tone control. The 
fange of frequencies that each control covers 
15 deliberately set quite wide, this is so that 


larger speakers (again modern technology is 
playing an important part in continuing to 
improve the sound of small speakers). At 
some frequencies some objects may even 
vibrate, this is because the sound source is at 
the natural resonant frequency of the object, 
and quite often shows up as a door to a room 
vibrating. This can happen at suprisingly low 


lume levels and is very annoying! 
x) 





| 
Specifications 
MAIN UNIT 
Frequency Response : <20Hz to 150kHz 
Total Harmonic Distortion : 0.009% at 1V 
RMS, 20Hz to 
20kHz 
Signal to Noise Ratio : 90dB (IHF) 
Overall Gain : OdB 
Input Impedance : 50k 
Output Impedance : <6000 
Centre Frequencies : 25Hz, 40Hz, 63Hz, 
100Hz, 160Hz, 
250Hz, 500Hz, 
1kHz, 2kHz, 
4kHz, 8kHz, 16kHz 


in the response, which would sound 
unnatural. For general use this simple 
treble/bass tone contro) may be sufficient to 
cater for personal taste in how the music 
sounds. 
___ There is also another need for 
equalisation; that is to compensate for the 
listening environment and to compensate for 
the eq pment being used to reproduce the 
sound. Ideally both the room and the 
ment should have a flat frequency 
nse, i.e. so that all frequencies are 
heard as equal intensity (providing your 
hearing is not damaged or impaired). With 
modern amplifiers and music sourced froma 
Compact Disc Player the weakest links in the 
chain are likely to be the room and the 
‘Speakers. These will have certain frequencies 
at which they either increase or decrease the 
level reproduced: Soft furnishings absorb 
higher frequencies and small speakers tend to 
_ have a poorer lower frequency response than 


| Bandwidth : 1 Octave 

Control Range : = 10dB 

Level Indicator Sensitivity : 750mV. 

Spectrum Analyser Sensitivity : 130mV 

Pink Noise Output Level : 150mV 

Power Requirements : 240V AC 50Hz 25W 

Dimensions : 420 x 88 x 220mm deep 

| Optimum Signal Level (for lowest noise & 
distortion) : 1V to 3V RMS 










| REMOTE CONTROL UNIT 
Power Requirements : Two AA size 
batteries (not supplied) 

Dimensions : 170 x 64 x 19mm thick 
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Figure 2a. Flal response. 


For these reasons, a simple tone control 
system is not selective enough, what is 
needed is finer control of narrower bands of 
the frequency range. This is where the 
Qraphic equaliser comes into play, it basically 
consists of a number of frequency selective 
networks, each of which are tuned to allow 
adjustment of a narrow band of frequencies. 
As with normal tone controls the same 
boost/cut arrangement applies. The greater 


the number of bands or sub-divisions the 
finer the degree of control. With this 
arrangement compensation can be applied to 
the signal to boost or cut the necessary areas 
to achieve as near a flat response as possible. 
Figure 2a shows the response of the equaliser 
when set ‘FLAT’. Figure 2b shows 6dB 
boost/cut at 100Hz. Figure 2c shows 6dB 
boost/cut at 1kHz. Figure 2d shows 6dB 
boost/cut at 8kHz. 


It must be said, however, that setting up 
the equalisation should be done carefully to 
avoid making things worse than they were to 
start off with! 


Golden Rules of 
Equalising 


A few ‘golden rules’ apply to equalising 
for room and speakers: 
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Figure 2b. 6dB boost/cut at 100Hz. 
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Figure 2d. 648 boost/cul at BkHz. 


1) Set up the equipment properly and spend 
as much time as possible on sensible 
positioning of the speakers, so as to get the 
sound as good as possible BEFORE any 
equalisation is applied. Read the makers 
recommendations on positioning the 
‘speakers, i.€. floor, wall or bookshelf, also 
moving the speakers a matter of a few feet 
can make the world of difference. 





2) Set the tone controls to flat and turn off the 
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loudness button if your amplitier has one, this 
is so that the equaliser is not ‘fighting’ the 
tone controls. 

3) Start with the equaliser set flat and make as 


Monitors by applying a lot of low frequency 
boost is likely to produce a sound which is 
muddy and could even damage the speakers! 
amplifier. The same applies with the very high 


small adjustments as is necessary, avoid frequencies. 
having very high levels of boost or cut, this 
will sound very unnatural. Controls and Facilities 


4) Don't try to get the impossible out of 
speakers! Trying to get a pair of small 
bookshelf loudspeakers to sound like 18 inch 


The XMO1B is solidly built and 
attractively styled with a black anodised 
aluminium front panel. There are 26 main 


3 


function buttons and 12 boost/cut buttons, all 
of which are soft-touch and have a nice 
positive feel, each of the function buttons are 
fitted with an LED to indicate its operation. 
The XMO1B is more than just a graphic 
equaliser; it features a real time spectrum 
analyser. which allows you to examine the 
frequency content and amplitudes of the 
signals it is processing. This is displayed on 
the dual function LED display, which is 
configured as 14 columns of 11 segment 
bar-graph arrays. Each array consists of 5 
green, 1 yellow and 5 red LEDs. The two 
outermost displays show the overall signal 
levels of the left and right channels, whilst the 
remaining twelve show either the equalisation 
settings or display the spectrum of the signal. 
The display is graduated in 1dB steps for the 
level indicators and in 2B steps from -10dB 
to +10dB for the equaliser display. The unit 
has an internal Pink Noise generator which, 
vith the addition of a microphone (not 
supplied), allows the acoustics of your room 
to be analysed. To enable quick recall of 
different equaliser settings the XMO1B has 
four memories to store the settings. As the 
equaliser has the facility for two tape decks, 
dubbing between machines is also possible. 
The rear panel has six pairs of phono sockets 
to allow connection to an amplifier and two 
tape decks. The rest of the case is fabricated 
in steel and finished in semi-matt black. 

As well as the main power on/off switch, 
the front panel has the following controls: 


This switch selects either the main Line 
Input, in which case the LED in the switch 
shows green, or the Tape Input, in which 
case the LED shows red. 


When the above switch is set to Tape, 
this switch selects whether the input is Tape 1 
or Tape 2. If itis Tape 1 the LED in the switch 
shows green, if Tape 2 the LED shows red. 
This switch also selects whether dubbing is 
from Tape 1 to Tape 2 (LED shows green) or 
Tape 2 to Tape 1 (LED shows red). 


When pressed this switch puts the 
equaliser in the circuit to the tape output, 
otherwise the recording is unaffected by the 
equaliser settings. 


This switch allows the recording being 
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made to be monitored through the system 
without affecting the recording, this is of 
particular use on three head machines so that 
the off-tape signal can be checked. 


This switch turns on the internal Pink 
Noise generator, the output of which is routed 
to the Line Output sockets. If a microphone is 
now plugged into the 1/4 inch mono jack 
socket on the front panel, the equaliser can be 
adjusted to compensate for the acoustics of 
the room. 


When this switch is operated the input to 
the microphone is displayed on the spectrum 
analyser. 


Two switches, one to adjust up and one 
to adjust down the relative sensitivity of the 
display, so that low or high level signals can 
{ill the display. The setting has no effect on 
the output signal. 


When switched to Graphic the display 
shows a bar which will move up and down in 
response to pressing the boost/cut control on 
each of the 12 channels. In Spectrum mode, 
the display acts as a spectrum analyser. 


Pressing this switch forces the display to 
show the most recent setting of all the bands 
on the left channel and any adjustments now 
made to the boost/cut controls will only affect 
the left channel. If no adjustment is made, the 
display automatically returns to Spectrum 
mode after 10 seconds (unless the Graphic’ 
Spectrum switch is set to Graphic). 


As above but for the right channel. 


As above but for both channels 
simultaneously. 


When pressed, the LED in the switch 
flashes and when in this condition the current 
levels of the equaliser settings can be stored 
by pressing one of the memory preset 
switches. The indicator on the memory 
switch will then extinguish. If no memory 
preset is pressed, pressing the memory 








‘switch again cancels the function, and the 
LED extinguishes. 


Four switches, one for each memory. 
Pressing the switch recalls an equalisation 
setting. To store equaliser settings, press the 
memory switch first. 


Pressing this switch sets all bands to flat 
(dB), 


This switch reverses the equalisation 
characteristic. 


Pressing this switch instantaneously 
mutes the output, for example, when 
answering the telephone. Press again, to 
restore the output. 


The brightness of the display can be 
varied by pressing this switch, so as to suit 
daytime or evening light levels.» 


With the display in Spectrum mode, the 
highest level of each band will be held 


With the Mic and Pink Noise switches 
set to on, and a microphone connected, 
pressing this switch forces the equaliser to 
automatically set up the correct equalisation 
curve to give a flat frequency response in the 
room. ‘ 


As well as all these features, ahand held 
remote control unit enables the following 
functions to be adjusted from your armchair: 
Main level up or down, each of the 12 bands 
boost or cut, left channel switch, right 
channel switch, L = R switch, power on/off, 
memory switch, M1 - M4 switches, graphic’ 
spectrum switch, mic switch, pink noise 
switch, display sensitivity up or down, mute 
switch and auto EQ switch. 

This fabulous Graphic Equaliser is 
available from Maplin Electronics at £199.95, 
their order code number is XMO1B. 
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Superconductivity 
by Jonathan L. Mayo 


With the by-line ‘The threshold ofa 
new technology’ and the statement 
‘The most revolutionary development 
in electronics technology since the 
transistor and laser’, this book is 
written in an easy-to-follow terminology 
which covers the full spectrum of 
Superconductivity and superconductive 
applications. This book explains the 
properties of superconductivity, 
describing what itis, what itcan and 
cannot do, as well as its advantages 
and drawbacks. The most recent 
advances are included (high- 
temperature superconductivity) and a 
thorough history is provided to help you 
fully understand and appreciate the 
science. 

Itdiscusses the present and future 
impact of the applications of 
‘Superconductivity in the areas of: 
power systems — electric lines, 
generators, and motors; electronics — 
high density, high speed integrated 
circuits; science and medicine — 
containing fusion reactions and 
increasing the power of particle 
atcelerators, and medical imaging 
systems; and transportation — 
electromagnetic trains and electic cars, 
{texplores the future of 
superconductivity, including advanced 
research and applications, 
international efforts and competition, 
and governmental influences. 

italso provides a comprehensive 
glossary of terms. 

1988. 144 pages, 188 x 234mm, 
illustrated. American book. 

Order As WS30H 
(Superconductivity) Price £10.00NV 
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Synthesizers for 
Musicians 

by R.A. Penfold 

Despite the increasing dominance of 
electronics in music, it's not necessary 
to have a degree in electronic 
engineering to get the most out of your 
synthesizer. Musicianship and original 
ideas are still of umost importance. On 
the other hand, a musician who ignores 
the facilities offered by electronicsis 
missing out on tremendous music 
making opportunities. Modern 
synthesizers are extremely complex, 
but they mostly wark on principles that 
are not too difficult to understand. If 





you want to go beyond using the 
factory presets or the random poking of 
buttons, this is the book for you. It 
covers the principles of modem 
synthesis - linear arithmetic as used by 
Roland, phase distortion (Casio), 
Yamaha's frequency modulation, and 
‘sampling - and then describes how the 
instruments are adjusted to produce 
various types of sound - strings, brass, 
percussion, etc. The theoretical side of 
synthesis is treated in an easy to 
understand way - the technical 
information being restricted to what 

you need to know to use your 
instrument effectively. 

1989. 167 pages, 138 x 215mm, 
illustrated. 

Order As WS32K (Synths for 
Musicians) Price £6.95NV 


CD-ROMs: 
Breakthroughin 
information Storage 
by Frederick Holtz 


CD-ROMs are a breakthrough in 
information storage, they ate making a 








dramatic impact on computer storage 
and on our modem technological 
society. The application of compact 
discs to the music industry was 
revolutionary - and now that revolution 
is overtaking the personal computer 
industry as well. This book provides a 
comprehensive overview of this new 
technology - haw CD-ROM disks work, 
why they are useful, and what's 
available. Highlighted are: the 
capabilities of single CD-ROMs to 
‘store vast amounts of information and 
fo repeatedly retrieve data without 
degredation; new drives from Toshiba, 
Reference Technology and Sony are 
featured; the companies who are 
leading these systems; and the 
opinions of industry leaders on the 
future of optical disc technology. 

1988, 215 pages, 187 x 235mm, 
illustrated. American book. 


Order As WS33L (CD-ROMs) 
Price £11.60NV 





Newnes Guide to TV 
and Video Technology 
by Eugene Trundle 

This book represents a breakthrough in 
terms of value-for-money technical 
information. Based on two of the most 
popular Technical Guides, this new 
edition brings together in depth 
accounts of television and VCR 
technology. In twenty one chapters, 
‘over 250 illustrations and 400 odd 
pages, the technicalities of television, 
video and allied equipment are lucidly 
and consisely explained for the benefit 





of technicians, students, laymen and 
others. Coverage is wide and deep, 
extending from the camera lens via 
videotape signal processing and deck 
managementto the very latest TV 
screen technology, Along the way we 
look at space satellites, 
microcomputers and such practical 
matters as videorecarder servicing and 
maintenance. Eugene Trundle, a 
practising video and TV engineer, has 
a knack of conveying highly technical 
information in the form of a good read 
Itis well demonstrated here. 

1988. 432 pages, 128 x 185mm, 


* illustrated, 


Order As WS34M (Guide TV/Vid 
Tech) Price £8.95NV 





An Introduction to 
Loudspeakers and 
Enclosure Design 

by V. Capel r 

There is more to building a 
loudspeaker enclosure than just fitting 
a couple of speaker units into a box. 
There are many types of enclosure and 
drive units, each having their own 
features, good points and snags. This 
book explores these, and in particular 
examines the whys and wherefores so 
that the reader can understand the 
Principles involved and so make an 
informed choice of design, or even 
design loudspeaker enclosures for him 
or herself, 

Crossover units are also explained, the 
various types, how they work, the 
distortions they produce and how to 
avoid them, 

Finally, there is a step-by-step 
description of the construction of the 
Kapelimeister loudspeaker enclosure, 
a design that involves novel features 
which overcome many of the 
disadvantages of more conventional 
types. itis @ transmission line speaker 
that has remarkable stereo imaging, an 
uncoloured musical sound, occupies 
minimal floor space and is inexpensive 
to build. 

1988, 148 pages, 111x 178mm, 
illustrated. 

Order As WS31J (Intro Enclosure 
Design) Price £2.95NV 
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Areaders forum for your views and comments. If you want to contribute, write to the Editor, 
‘Electronics - The Maplin Magazine’, P.O. Box 3, Rayleigh, Essex, SS6 8LR. 


Digital Speech 

Dear Editor, 

am writing to ask you a question about 
the Digital Rec Playback Module in the 
February/March 1989 edition. Isit 
possible to interface the module to either 
the BBC 32k computer of the ATARI 520 
‘STFM computer and use it for sound 
‘sampling oF as a voice recognition 
system. Ifitis possible, could you help me 
and give me a diagram of haw to interlace 
the module to one of the above 
computers. 

Thankyou, 

T. Kennedy, Lincs, Northampton. 


The short answer to whether the Rec 
Playback Module can be used for speech 
recognition is, yes. As for how tointerface 
the module to the computer, this would 
involve connecting the computer via a 
parallel port to the address and dala lines 
of the RAM IC. Some additional circuitry 
would be required however, to switch 
between the speech IC and the computer 
port, to prevent both from trying to access 
the RAM at the same tine. The main 
tequirement for recognition would be a 
VERY cleverly written computer program, 
fo process and analyse the speech data, 
the program would need to be written in 
machine code or a compiled high level 
language. Maybe some clever readers 
could help on this one! 





MIDI Adaptations 

Dear Sir, 

fam writing concerning your Digital 
Record and Piayback Module in the 
February edition. | am a keyboard player 
and would find this project very useful if it 
could be adapted to give a MIDI (Musical 
Instrument Digital Interface) output. 
Unfortunately, | have very limited 
experience with electronics, so | would not 
know where to start. | hope you can help. 
Yours, 

A Skinner, Banham, Norfolk. 


From your letter, |am not quite sure what 
you want to do, | assume you were 
thinking along the lines of a MIDI input so 
that the Reo Playback Module could be 
controlled by a MIDI Keyboard, Two things 
‘must be bourne in mind about MIDI: firstly 
‘MIDI transmits digital contro! information 
about the notes being played (and other 
information), itdoes not carry any ‘sound’ 
or audio signal. Secondly to control things 
with MIDI some form of data processing is 
needed to extract the required information 
and act upon it to produce the required 
event, this is normally achieved using a 
small microcomputer. The reciplayback 
‘module is realy intended for use only with 
‘speech, and if sampling with MIDI controt 
‘Swhat you are after, itis not suitable. A 
better idea isa quick trip to your local 
‘music store and ask about MIDI 
‘Samplers. For more information on MIDI; 
reler to March to May 1987 issue of 
Electronics’ (XA22¥) and the Books 
section of the current catalogue. 





Boxes, Boxes and More 
Boxes 

Dear Sir, 

Inreply to the Editor and my letter which 
was in the last issue, may | point out that 
physically canzcitors and diodes aiso 
resemble oblong boxes. They appear to 
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be getting silier all the time at the British 
Standards Institute, logic gates have been 
changed to oblong boxes just to add to the 
‘contusion. What the objective is, | know 
not, but our mechanical friends and 
nuclear workers are also complaining of 
changes for the worse. Japanese music 
centres are often marked as Phono, The 
objects of standards should be to keep 
things simple. Mho, and Ohm being the 
inverse is precisely this, Siemens is not. 
‘Yours truly, 

Jack Treeby, St. Jades, Plymouth. 


The debate on circuit symbols continues! 
The circuit symbols we use in ‘Electronics’ 
are chosen to show as clearly as possible 
the circuit without ambiguity. I may add, 
the symbols we use are in common use 
throughout industrial and commercial 
electronics. We use the American logic 
symbols in preference to the British 
Standards symbols because they are 
‘more popular. In this world of fast 
changinging technology, we have got to 
be prepared to adapt fo the constant 
changes, otherwise we will be left with 
diagrams, drawings and terminology that 
cannol adequately and clearly iustrate 
What is to be conveyed. With regard to 
record player|phono'phonogram 
turntable, record player describes exactly 
what it does, and follows your argument 
for keeping things simple. Siemens has 
replaced Mho, but so has Hertz instead of 
cycles per second! 





J Rides Again 


Dear Sit, 

I think @ short answer to Mr. Harms's letter 
in the December-January issue of 
‘Electronics’, about the interpretation of 
j=V-1 is worthwhile. He questioned 
Whether is really \V-1, rather than simply 
indicating a rotation through 90°. This is a 
convenient way of showing jon the 
So-called Argand Diagram, butj=V-1 
was a mathematical necessity before this, 
graphical way of showing it was thought 
of. 


Itis needed as the solution to some 
quadratic equations, to point out a simple 
example. Also the expression cos 0 + j sin 
can be shown to be equal to 6/8, 
provided j= V-1. Soitdoes amount to 
‘more than just denoting a rotation. On the 
latest books list, | see you have Martin 
Hartley Jones's ’A Practical Introduction to 
Electronic Circuits’ (WS19V £10.95) asa 
new addition. | would like to recommend 
this to any readers needing a clear and 
interesting first text that 908s beyond the 
simplest theory. first read it some years 
‘ago, and il gave me sufficient confidence 
in the subject to take it seriously as a 
hobby. This eventually lead fo my taking 
formal qualifications in electronics at the 
end of last year. As Istarted out witha 
degree in a biological subject, you can see 
what a vast change was eventually 


wrought. 
A. Atkinson, Newton Ayclitfe, Co 
Durham. 








Colourful Computers 

Dear Sir, 

‘The article commencing on P48 of the 
Dec 88:Jan 89 issue, failed to tackle the 
problem of the case where he computer 
utputs (2. colour, sync and blanking) 
ate not in the form as required by the TEA 





2000. A typical case, in this respectis the 
‘Amstrad CPC 6128 and this situation can 
present difficulties to the constructor when 
interface information is not readily 
available or obtainable. Itis suggested 
therefore, that an addendum to the article 
is prepared, that, for typical computers 
(including the CPC 6128), will provide the 
necessary information tofill the gap and 
dispell the frustration that lack of 
information generates. 

Yours hopetully, 

R.W.H. Davis, Dorchester, Dorset. 


With projects such as the TEA 2000 PAL 
Encoder, having such a wide range of 
applications, its impossible for us to 
predict every possible use it will be put to 
and lor this reason we cannot always 
provide data or connection details to other 
pieces of equipment, such as computers. 
This is not helped by the very wide range 
of computers available anda lack of 
standardisation by manufacturers. The 
time it takes to collate information of this 
nature would tie up our Lab engineers and 
prevent them from developing projects. It 
is really down to the individual constructor 
to fully read the text with the project and 
decide whether he has enough 
information experience to achieve the 
desired aim, BEFORE purchasing the 
parts or kit. However, ifanother reader 
can provide us with suitable information, 
we will always consider publishing it 








Electronics Going Rusty 
Dear Editor, 
‘Congratulations on updating to yor 
bi-monthly magazine ‘Electronics’. At 
Maplin you've built up a reputation ee 
bringing us, your customers, the new and 
individual. Often your ideas are exclusive, 
and | must add exceptional value. 
This brings me to my point, over the last 
few months | have noticed that there is a 
new product in the car accessory shops, 
device for stopping rust from forming on 
the cat body. It would appear that as metal 
oxidises to form rust, it generates a small 
electrical current. The device senses this 
and counters it with a charge of the 
‘opposite polarity, the result being rust is 
unable to form. Now | notice that projects: 
for cars in your Top 20 listis quite high, 
and because of this | think a project for a 
device of this type would be a very popular 
choice with your customers, myself 

luded. 


incl 
RH. Thorne, Wolverhampton, West 
Midlands. 


Yes we've seen them 2s well, and the Lab 
may be doing some research into the 
subject of electronic rust prevention, 
‘Meanwhile, if any readers (calling all 
‘metalurgical expects!) have any ideas, 
comments or circuits, please write in. 





Intergalactic Letter 
Greetings. 

‘Your supply freighter, the ‘Capetia Il, has 
recently visited Central Worlds bringing 
electronic components and associated 
literature. During routine transition into 
Galacta of your ‘Buyer's Guide’ an error 
feport was generated by the itenerary of 
the ‘Capella | on page 3. My colleagues 
inthe Social Studies Department insist 
that you should be notified to avert what 
they reler to as bad PR’ in the Sirius 





‘Sector and beyond. The error report came 
from the eighth line of text which begins; 
“and worlds team in profusion. And along 








profusion, And along the way... 
178226 Tyerman, University Library, 
Trantor, Federation of Central Worlds. 


t's great to hear from all you long distance 
customers, please thank your language 
experts for their comments. (The caption 
whiter has been sent off to evening 
classes to study GCSE English!) 





Electronics Under Glass 
Dear Sir, 

‘With reference to Dave Goodman's article 
on temperature modules, Volume 7 
number 25. 1am considering using the 
FES3L module as a glasshouse 
temperature controller. The problem 
being, in the event of a short mains failure, 
the set temperature markers are lost. Is it 
possible to show how back up battery 
power can be provided to the module (if 
‘only dry battery), I'm sure this would be of 
use to many of your readers. 

Yours faithfully, 

D. Lamer, Great Yarmouth, Norfolk. 


Firstly, read through the article published 
in the magazine to ascertain that you can 
achieve what you want with the project. 
Regarding standby battery supply, if you 
reusing the serial to paralie! converter, 
which lassume you are, a suggestion 
would be to connect an additional 1N40O1 
to D3, The cathode of the additional diode 
‘should be connected to the cathode of D3 
(the end which connects to pin 1 of RG1). 
The normal 12V supply should by 
connected to PL3 as before and the 
standby (battery) supply +V connected to 
the free end (anode) of the additional 
diode, the OV should be connected to pin 
2ofPL3. The standby supply voltage 
should be greater than 7.8V and the 
normal supply atleast 2V higher than the 
‘standby supply (e.g. 9V and 12V 
respectively), this is to ensure correct 
switching between supplies. Remember, 
this is a suggestion lor your own 
experimentation. 








One-man Band 

Dear Sir, 

You invite readers to contibute further 
applications for the Digital Record & 
Playback Module. Are you giving away 
any free kits for the most original use? | 
am a musician and entertainer, and part of 
‘my work is inventing and operating 
‘one-man bands. Increasingly, | am using 
electronics for control, though for 
entertainment value there is no substitute 
{or visible mechanical effects. My most 
recent one-man band is a full size dummy 
chimpanzee ‘playing’ real drums with 
solenoid operated beaters. The solenoids 
are triggered in real time from the bass 
and chord buttons of my piano accordian. 
Now this monkey has a friend, a stutfed 
macaw, who, 2s yet has not leamed to 
speak! The band and I therefore await 
with eager anticipation the playback 
version of the project. 

Yours sincerely, 

H. Barwell, Nottingham, 


‘Look no further than page 64 for the 
continuation boards; the Playback Only 
and EPROM Modules, 
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These are our top twenty best selling books based on mail order and shop sales during December 1988 and 
January 1989. Our own magazines and publications are not included. The Maplin order code of each bookis 
shown together with page numbers for our 1989 catalogue. We stock over 250 different titles, covering a wide 
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Superb Triple-Trace 20MHz Oscilloscope 


Precision laboratory oscilloscope. 

3. Channels — 3 Trace. 

Sensitive vertical amplifier ImV/div allows 
very low level signals to be easily observed 
180mm rectangular CRT has internal 
graticule to eliminate parallax error. 

X-Y mode allows Lissajous patterns to be 
produced and phase shift measured. 

TV sync separator allows measurement of 
video signals. 

20ns/div sweep rate makes fast signals 
observable. 

Algebraic operation allows sum or difference 
of Channel | and 2 to be displayed. 

Stable triggering of both channels even with 
different frequencies is easy to achieve. 

50m V/div output from Ch | available to drive 
external instrument e.g. frequency counter. 
Ahold-off function permits triggering of 
complex signals and aperiodic pulse 
waveforms. ~ 


“~~ ONLY 
‘201% 


Asabove, but with 40MHz bandwidth and 
super bright 12kV tube even at the highest 
frequencies. This instrument also has 2 
delayed sweep time base to provide 
magnified waveforms and accurate time 
interval measurement. Truly superb 
precision instrument. 
























































Tauthorise you to debit my Credit Card account for the cast ofacods 
despatched. 























0 














ioe, 0202 554161 


ALL PRICES INCLUDE VAT. 


Allitems subject to availability. Subjectto availability both items will be onsale in 
our shops in Birmingham, Bristol, Leeds, London, Manchester, Nottingham, 
Southampton and Southend-on-Sea. 
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Before you send your next order {o us by post, take a 
Jook and see if there's a Maplin shop near you. In our 
‘shops you'll find that personal service that even the 
best mail-order operations cannot match, And you 
can look at the products before you buy. If you're 
coming for a particular item, a quick phone call will 
enable you to be certain the shop has everything you 
wantin stock. 

Our shops are pleased to accept Access, 
Barclaycard, Connect, American Express, Mapcard 
and cheques up to £50 with a cheque guarantee 
card. We'll even accept ordinary money as well! 
Allour shops are close to excellent parking facilities, 
meters in London and Manchester, and free 
elsewhere. 

The South 

Inthe South our Southampton store is conveniently 
placed for easy access from all parts of Hampshire 
and surrounding counties, and is 15 minutes from 
Portsmouth, 

London 

Our London store now open 6 full days a week Is 
situated just to the west of the pedestrian shopping 
centre in Hammersmith, ands ust five minutes from 
the end of the M4 and only a short walk from the 


District, Piccadilly and Metropolitan lines 
Hammersmith station. Our Burnt Oak store is on the 
main Edgware Road at the corner of Burnt Oak 
Broadway and Barnfield Road, opening soon. 

East Midlands 

Our Nottingham store, opening late 1988 for a {ull 6 
days a week, can be found on the north east corner 
of the city's ring road just a few minutes from the city 
centre. We are just 10 minutes drive from the M1, 
junction 25 or 26. 

West Midlands 

In the Midlands, our self service Birmingham store 
now open 6 full days a week is just 3 minutes from 
the M6. Turn north at Spaghetti Junction (junction 6), 
‘Onto the A5127 following the signs to Erdington. As 
you approach the Erdington roundabout, you'll see 
the store's 50 space car park directty in front of you. 
South-East 

Essex and Kent are served by our selt-service 
Southend shop now open 6 full days a week whichis 
fight on the A13, just 2 minutes before you reach the 
centre of Southend. And we're only 30 minutes from 
the M25 (junction 29) as well 

Yorkshire 

Our shop in Leeds, opening late 1988 for 6 full days a 


HELP SERVE YOU BETTER! 


Birmingham: 

Sutton New Road, Erdington, Tel: 021 384.8411 
Bristol: 

ioucester Road. Tel: 0272232014 

London: 

159-161 King Street, Hammersmith. Tel: 01 748 0926. 
146-148 Bumt Oak Broadway, Edgware. Tel: 01 951 0969, 
Manchester: 

& Oxford Road. Tel: 061 236 0281 

Southampton: 

46-48 Bevois Valley Road. Tel: 0703 225831, 
Southend-on-Sea: 

282-284 London Road, Westelff-on-Sea, Essex. 

Tel: Southend-on-Sea (0702) 554000. 

Leeds: 

Carpet World Building, Regent Street 

Tel: 0532 449200. 

Nottingham: 

86-88 Lower Parliament Street. 

Tel: 0602 410242. 


For mail order enquiries, 
Please do not call our shops as they 
Will be unable tohelp you. 





week, is located in Regent Street just a few minutes 
walk from the city centre, By car, we are near the end 
of the Mit and M621 to the south, 

West 

Our West country storé in Bristol is open a full 6 days 
per week. The self-service store can be found on the 
A38 Gloucester Road, midway between Bristol city 
centre and the Filton airport. 

The North West 

Our self-service store in Manchester, now open 7 
days a week, serves the North and is just off the 
Mancunian Way, opposite the BBC, about 5 minutes 
from the end of the'M602 or junction 10 on the M63, 
All our shops are open from 9a.m. to 5.30p.m. 
Monday to Saturday (9.30a.m. Wednesday). In 
addition Manchester is open Sundays. All shops are 
closed on Public Halidays. Shops do nof close for 
lunch. 


There's a friendly welcome in store for you at any 
Maplin shop, Our helpful staff may often be able 
to help with a technical problem or a constructional 
difficulty. 


Callin ata Maplin store and get what you want 
today, We look forward to serving you. 
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